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INTRODUCTION 



A. PURPOSE ANf^JNTENT 



The purpose of this nnanual is to provide an on-the-job reference for operators 
of activated sludge and tricKJing filter wastewater treatment plajit^. It is intended 
to assist operators in establishing process control techniques and in optimizing 
the performance of these two aerobic biological treatment systemic. Other aerobic 
biological systems such aerated lagoons, rotating biodiscs and oxidation 
ponds are not included in this manual, ^ 

Aerobic biological treatment facilities and the ccuiditions under which they 
operate can vary considerably. Although treatment plants may designed alike, 
they may not necessarily perform alike. In the past, many control strategies have 
been the result of trial and error tests performed by operators and engineers. 

Development of this manual consisted of visiting several operatasat^their treat* 
ment f^lants throughout the United States, Their practical experiences and 
knowledge in plant operations and process contforhave been incorporated in'the 
manual. In addition, extensive use was made of the literature contributed over 
the years by tlios^e individuals, agencies, and institutes seeking to adyance and 
explain the state-of-the-art of operating aerobtc biological wastewater treatment 
facilities- . , . ' 



The overall objective of this manual is to aid the operator in determining what 
process £ontrol and operational measures may be most effective in optimizing 
the performance of his particular treatment plant. The manual should also sen^e 
as a basis from which the opeXata may develop new ideas for process control 
and better understand the varjous measures by relating h^s own experiences io 
the material presented. For thl$ reason, theoretical matenal has been limited to 
that required for basic understanding of aerobic biological treatment. 



B. MANUAL lORGANtZATION 

The manual is presented in three major divisions; 

• The Activated Sludge Process ^ 

• The Trickling Filter Process 

• Appendices 

The Activated Sfudge and Trickling Filter Process divisions are each divided into 
the foJiowing sections; 



f Seotlonl - 
' Section il - 
Section tlh 
Section IV- 



Troubleshooting 
Process Control 
Fundamentals 
Labof^i^ory Control 



These sect ions* emphasize the fundamentals of operating and conttollihg aerobic 
biological'treatme^processes. Eaph of the sections are presented in sufficient 
detail to allow the reader to use 'them independently, References have been 
.appendedto,each section for those y/ho wish to gain further insight to the topics 
covered tn^the manual. These references w^re selected because of their clarity 
and value toan operator as an information source. 



mclde front 
covor> 



Keywords. 



* Included on the inside front cover is a quick reference index to the major topics 
In each division section of the manuaL After finding the section you desire, go to 
the Table 6f Contents for the subsection of interest. Once you are in the appropri- 

' ate subsection, thumb down the left hand margin of the text until you find the 
key words which best fit your Interestr Key words ^re presented in the manner 
shown to the left of this paragraph. 



Inside back 



Abbreviations. 



The inside back cover presents a Metric Reference for those unit expressions 
which are commonly used for prooess control parameters. This reference may be 
used for converting ^j}gjlsh and Metric Unit expressions. 

Abbreviations have been kept to a minimum in the manuaL Only those which are 
qohimonly used are included in thp text. 



Are you 
lami liar with 
aerobic 
treatment? 



SECTION 



SECTION II. 



SECTION in 



C. , USE OF THE MANUAL 
♦ ■ 

. This manual assumes that the reader is familiar with the activated sludge and 
trickling filter processes as weM as their various modes of operation. For those 
who are not quite familiar enougli, you are encouraged to study Section ill, 
"FUNDAMENTALS", in each process division. 

As stated earlier, each process division Is brosen down into tour sections. These 
sectlpns may be used independently or sysf^ematicaiiy. 

.TROUBLESHOOTING — If you have a problem, go to the troubleshooting guide 
which best describes your situation. Follow the guidance as outlined. If you still 
have problems or desire more Information on the guidance provided, use the 
^. reference indicated in the last column cn the troubleshooting guide. This refer* 
ence will lead you into the text of.lthe manual to provide you with more insight, as' 
well as additional references to get more information. Your next best alternative 
would be to seek outside help. 

PROCESS CONTROL — This sc?ctlon presents the various strategies commonly 
used for controlling the activated sludge and trickling filter processes. Routine 
operational procedures as well as process loadings, evaluations, and.commor^ 
problems are presented here.Step^by-step examples of calculating, interpreting 
arKi applying control tests to process control parameters are alsapresented. 
* 

FUNDAMENTALS — This section is where it all begins. Without a sound back- 
ground ii;^ understanding the concepts pf aerobic biological treatment^ a suc- 
cessful process control and operational ^program Is difficult to achieve. As a 
result, the quality o\ plant Affluent suffers the con^^eguences. Therefore, be 
familiar with th^ fundamentals and the references that show you where to get 
more information. 



SECTION IV LABORATORY CONTROL — This section is a must. If you want to know why, 

read it and follow its guidance because it will help you establish and implement 
a successful sampling, testing, ^nd monitoring program for your aerobic treat* 
ment facility: \ - 
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APPCNDIX A 



APPENDIX a 



APPENt)lX C 



APPCNOIX D 



Operatofft' 
responsibility 
to achieve bo»t 
pfoctfss control 
and operation. 



Four appendices are provided to supplement the manual* 

— Includes work sheets which may be remove(^ and duplicated for actual use. It 
also provided inforrjatlon to developan operational records system. 

Presents flow diagrams, operational data, and summary descriptions of those 
treatment plants which were visited during develppment of the manual. Check 
them over to see how you compare. , 

— Is a suggested list of laboratory Equipment, supplies and chemicals needed to 
perform process contrb! tests discossed in the manual. ^ 

— Is a glossary which defines the important terminology commonly used in 
discussing ae^bic biological treatment. 

During the plant visits^ four characteristics were observed of those treatment 
plants producing a good^quaiity secondary eff luent, 

1. Practice of day-taday process control an^ operatipnal control procedures, 

2. Special effort is made^or training and upgrading of plant personnel. 

3. Industrial waste discharge ordinances are actively enforced. 

4. Process control and operational data Is used in direct application to plant 
operatioos. 

HOW DO YOU COMPARE? ^ 
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ACTIVATED SLUDGE PROCESS ^ 
SECTION I 'TROUBLESHOOTING 



1,01 INTRODUCTION 



Select the 
measure with 
letistadvorfto 
effect. 



Know the 
process. 



This section of the manuai presents troubleshooting procedures for solving 
common operating problems experienced in the activated sludge process. 
With each problem, or observation, a list Is Included for the probable causes, 
checks to determine the cause, and the suggested corrective measures. You, 
the operator, must determine and select one or more of the corrective meas- 
ures that will restore the process to fuH efficiency with the least adverse 
effect on the^final effluent quality, tn order to evaluate the problem and select 
the best corrective measure, you must be thoroughly familiar with your 
activated sludge process an0 how It fits into the overall treatment plant 
operation. In addition, you musf be familiar with the Influenl wastewater 
characteristics, plant flow rates and patterns, design and actual loading 
parameters, performance of the overall plant and individual processes, and 
current maintenance procedures. For those operators who are not familiar 
with the activated sludge process, refer to Section til, 'FUNDAMENTALS" 
before attempting to use the troubleshooting guides. 



V02 TROUBLESHOOTING GUIDES 

There are seven problems presented that frequently, occur in operating the 
activated sludge process. These problems are listed below and are referenced 
to the troubleshooting guides which begin on the following pages. 



Common 
problems with 
activated 
studge 
processes* 



Note that the problems are categorized betv^een the aeration tank and secon- 
dary clarifier tank. The troubleshooting guides presented for the secondary 
clarifier tank are associated with the activated sludge characteristics and 
quality, as can be observed when performing the sludge settteabiifty test. 
The operator must realize that all observations made during the'settleability 
test are not necessarily indicative of conditions occurring in the secondary 
clarifier tank. In all of the guides presented, the probable causes given for the 
observation should be looked at coQcurrentty because many times one problem 
may be thoYesult of several causes. 
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ACTIVATED SLUDGE PROCESS 
S£CTtON l-TROUBLESHOOTtNG 



INDEX TO TROUBLESHOOTING GUIQES 



Troubleshooting 

Guide No. Problem Indicator 



Aeration Tank 

1 ■ 
2 

Secondary 
Clarifter 

3 

4 . 

5 , 
6 

7 



Aeration System Problems 
Foaming Problems 



Solids Washout/Billowing Solids 
Bulking Sludge 
Sludge Clumping 

Cloudy Secondary. Efflueht 
Ashing, Pinpoint/Straggter Floe 



J 



Figure 1-1 presents a pictorial index of typical settleabillty test results. This 
index may be used In comparing actual test/esutts for quick reference 
to the troubleshooting guides. . ' 
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^ACTIVATED SLUDGE PROCESS 
SECTION I TROUBLESHOOTING 



30 MIN, 





TROUBLESHOOTING GUIDE^ NO. 3 

^ GOOD SETTLING 



30 MIN. 




troubleshootikS GUID^ KO. 4 
POOR SETTLING 



30 MtN. 



ONE TO TWO HOURS 



SO MtH. 




^ TROUBLESHOOTING GUIDE NO. 5 

' t)"EN!TRIFlCATrpN 



\ 




TROUBLESHOOTING GUIDE NO. 6 

. CLOUDY 



30 MIN. 



30 MtN. 





TROUBLESHOQ^riNG GUIDE NO. 7 

ASH OM SURFACE 




' TROUBLESHOOTING OOIDE NO. 7 

PIN POINT FLOC & STRAGGLERS 



SETTLING TEST OBSERVATIONS 

FIGURE I-] 



1-3 
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ACTIVATED SLUDGE PROCESS 
, AERATION TANK 

TROUBLE SHOOTING GUIDE NO. 1 • AERATION SYSTEM PROBLEMS - 



OBSERVATION 


. PROBABLE CAUSE 


NECBSSARY CHECK 


REMEDIES 


REFERENCES 


t. Boiling actloRr violent 
turbJance. Ihroughout 
aeration tank surface. 
Large air bubbles^ t/2* or 
greater, apparent. 


\ 

A, Overaeratlon resulting ^ 
higii D.O. and/or floe 
sheafing. 


1. Generally, D.O. should be 
In range of t,0 to 3.0 mg/l 
tiirougiiout tanks. 


1) Reduce air ^FM rate to 
maTntektJJ^Ol? In proper 
range. 


pg 11-24 «i4l-72 


* ' * 
2. Uneven surface aeration, 
pattern. Dead spots or' 
ina^lequate mixing in somer 
area^ of tank. 

o 


A f^luygeddlffuaera, 

1/ 

B. Underaeratlon resulting In 
low D.O. ^hd/or septic 
odors. 


1. Check maintenance 
records for last cleaning of 
diffuse rs. 

/ 

Spot check diffusers in 
^ tank for plugging. 

1^ Check should be in 
range of t.O to 3,0 mg/l 
throughout tank. 

2. Check lor adequate mixing 
in aeration tank. 

3. Check RAS rates and 
sludge blanket depth in 
ciarifior 


t) If diffusers have not been ^ 
cleaned in the last 12 
months, do sa 

2) If several are*^ plugged, 
clean all diffusers in tank. 

1) increase air SCFM rate to 
maintain D.O. in proper 
range.' 

2) 1 Calculate SCFM of air per 

linear foot of diffuser 
header plpo- Minimum 
requirement is 3 SCI?M/ 
linear ft, Ad|ust air SCFM 
rate as necessary to< 
maintain adequate D,0. 
and mixing. 

3) Adjust RAS rate to n>aintain 
sludge blanket depth of 1 
to3fcetinclarifler. 


pg 11-72" 1 

pg 11-72 
pg 11^24 

Pgii9 
pg 11-29 
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ACTIVATED SLUDQE PROCESS 
AERATION TANK ^ 

TROUBLE SHOOTING QUIDE flO: 1 — AERATION SYSTEM PROBLEMS (cominudd) 



^ OBSERVATION 


PROBABLE CAUSE . 


NECESSARY CHECK 


REMEDIES 


REfERENCES 


3. Excessive air rates being 
used with ^0 apparent 
Change In organic or 
hydraulic loading. Difficult 
" to maintain adequate D.O. 
teveL 


A. Leaks Irf aeration system . 
piping. 

B. Plugged dlllusers. Air 
discharging from diffuser 
header blow-off ^plpes 
causing tocat boiling to 
occur on, surface near 
dllfuser header pipe. 

C. Insufficient or Inadequate 
oxygan tran^ler. 

D. High organic loadings 
(BOD, COD, Suspended 
matter} fr<»D tn*planl sl<je 
stream flows. ' 


1. Check air |$lpe and jolnl 
connection; listen for air 
leakage or soap test flanges 
and watct? for bubbling 
caused by afr leaking. 

\ 

1 . Check maintenance record 
for last cleaning of 
diff users. 

2. Spot Check diffusers in 
tank for plugging. 

1. Check aeration system 
performanca. 

a. Diffused aerailon system 
should provide between 
800 to 1500 cu. ft air per 
pound BOD removed. ^ 

b. Mechanical aeration 
sysim shpuld provide 
between 1 tb 1.2 pounds ^ 
oxygen per pound BOD 
removed. 

1, Check to see 11 organic 
loading from side stream 
flows conlfibules afgnlfl- 
cantty to overall prci^ess 
loading. 


1) Tlghlen fiange^Its and/or 
replace flangJ gaskets^ 

1) If diflusers have n6t been 
cleaned in last 12 monltis, 
do soi 

2) If several are plugged. c[ean 
ait diffusers In tank. 

1) Replace with mors elfec- 
Ifve diflusers or mechanical 
aerators* 

2) Add more dllfusers or 
mechanical aerators. 

if loadings are greater 
than 25%* optimize opera- 
tional periormance or 
upgr^lng of other fnplani 
processes will be required. 


pg 11-72 
pg 11-72 

* 

pglt'9£(IIU 
,pgll-9£<ili-4 

pgjr^ 
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^ ACTIVATED SLUDGE PRpCESS 
AERATION TANK 



TROUBLESHOOTING GUfDE NO. 2 - FOAMING PRpBLEMS 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



1. White, micHt billowing or 
3udsy foam on aeration 
lank surface. 



Overloaded aerallon tank 
(low MLS8) due to process 
st^ up. Do not beaTarmed, 
tills problem usually occurs 
during process start-up. 



Excessive sludge wasting 
irom Process causing 
ovenotiKled aeration tank 
(LowMLS3)l 



Check eeratlon tank BOD 
loading (ItWday) and lbs 
MtVSS in aeration tanX. 
'-Calculate F/M 'ratio to 
detemilne lbs/day MLVSS 
inventory lor current BOO 
loading, . ) 



2. Ctieck socoridary clarlfier 
effluent ior solids canyover. 
Efiiuentwililookcloudy. 



. 3. Check «D«0« levels In 
^ aeration tank* 



1. Check and inonltor for 
trend changes which occur 
]ntheioltowing: 

a. Dec^ea^ in ML VS8 mg/L 

b. Decrease In MCRT^ 
Gould Sludge Age. 

c. Increase in Fj/M ratio. 

d. D.a levels mainlined 
with less a]r rates. 

e. (ncfoase in WAS rates. 



1) After calculating the F/M 
ah4 lbs MLVSS needed, 
you will iind that the F/M " 
ratio* is' high and the lbs 
MLVSS inventory is tow. 
Therefore, do not waste 
sludge from the process or 
mainlain the minimum 
WAS rete possible if 
wasting has already started. 

2) ^Maintain suilicteni RAS 
"rates to minimize sdlfds 

carryover esp^iaily during 
peak flow periods. 

3) Try '.o maintain D,0. levels 
beiwoen 1.0 to 3.0 mg/L' ' 
Ar/o be sur^ that adequate 
mixing is being provided in 
thetaeration tank white* 
attempting to maintain 
D.O. levels, 

* 

1} Reduce WAS rate by not y 
more than 10% per day 
> until process approaches 
nomial control parameters. 



2} Increase RAS rate to mtn^ 
mfz^efiluent solids carry* 
over irom secondary 
' clariiler. Maintain sludge 
blanket depth oi 1 to 3 feet 
fromctafliier ftoor. 



pgli-7%JM2&ll42 



pg 11-29 



pg 11-24 



pg 11-36 



pg IJr29 



ACTIVATH) SLUDGE PROCESS O 
AERATION TANK 



TROUBLESHOOTtN^Q QUIDE NO. 2 — FOAMING PROBLEMS (continued) ^ * J' , 



OBSERVATION 


PROVABLE CAUSE 


NECESSARY CHECK 


^ remedies' 


REFERENCES 


) 

\ 


r 

C. Highly toxic wa^fe, such 
as metals or l>acterlocldei 
or colder wastewater, 
temperatures, or severe 
temperature variations 
resulting in reduction of 
MtSS. 

D. Hydraulic washout of 
solids from secotidary 
clarifier, 

£. Improper Influent waste* 
water a^d/or r/VS flow 
distribution causing 
foamino in one or more ' 
aeration tanks. 

♦ 


1 . Tai^ MLSS-sample and test - 
formatals and bacterlocide, 
and temperature. 

\ 

ft 

2. Monitor plant influent 'c>r 
significant variations In 
temperature. 

1. Check hydraulic detention 
time Jn aeration tank atid 
surface, overflow rale tn 
secondary clarlfler. 

1. Check and monitor for 
significant differences In 
MUSS concentrations 
between multiple aeration 
tanks. 

2. Check and monitor primary 
effluent and tor RAS flow 
rates to each to aeration 
basin. 


fw^ Reestablish new culture of 
( Rivaled sludge. If pdS- 
sibte, waste sludge Uotu 
process without ry^tumtng 
to other In -plant systems. 
Obtain seed sludge from 
other planti if possible. 

t* *. 

2) Actively enfor<^ Industrial 
Waste Ordlnan^s. ' 

1) Refer to Troubleshoottng 
Guide Na 3, Observation 1. 

MLSS and RAS concentra- 
^' tlonsi and D.O.'s between 
multiple tanks should be 
reasonably consistent. 

2) Modify distribution i^rWU 
tie$.as necessary to main* 
tain a^Jfal Influent 
wastewater and/oP RAS 
flow rates to aeration 
t>asins. 

1? 


pg 11-93 & thS4 

pg it-94 

pg 11-23 & It 78 

pg 11-78 & IV-3 

pg 11 78 



ACTIVATED SLUDGE PROCESS' 
AERATION TANK 



TROUBLESHOOTING GUIDE NO. 2 -r FOAMING PROBLEMS (continued) 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK 


REMEDIES 


'^EFEROJCES 


2 ShTnv ij^iiittAn fnam on 

aeralion tank surface. 


underloaded (hlsh MLSS) 
condition due to ^neuflic- 
ient sludQe wasting from 
theproceee. 


If vnecKsnQ moniivt lor ironu 
chengee which occur In 
the following: ' 
a. inbreaeeP .;^LVSSmg/ 

bJncrease In MCRT« 
Gould SludgeAga. 

js. Docreaseln F/M ratio. 

d.D.O. fevele maintained 
wl^h Increasing air rales. 

0. Decrease In WAS rates. 


t) increese vvao rate oy noi 
mors than tO% per day 
until process approaches 
normal conlrOt parameters 
snd a modest amount of 
Mght-tsn foam Is obssrvsd 
on asrstlon lank surface. 

2) For addlllonst checks and 
remedies refer to Trouble- 
shooting Quids No. 5 and 6. 

3) For mullipis tank operallo^i 
rsfsr to Ob'^srvallon No. 1. 
ProbabtsCau8S"E". 


P9 tl'fO Oi II- JO 


3 ThickH scummy darh tan 
foam on a^r^ition tank 


A Aeration tank is critically 
underloaded (MLSS too 
high) chje to Improper wAS 
control program. 


1. ChOck end monllor for 
trend chenges which occur 
In the following: 

a. Increase In MLVSS mg/l 

DJncrease In MCRT, 
Gould SI'jdgeAge. 

c. Decrease In F/M ratio. 


1) Incrsass WAS rsts by not 
more than 10% per day ^ 
until process approaches 
normal control parsmsters 
and 6 modsst smount of 
tight-tsn fpam is obssrved 
on asrstlon surf sea 


pqll-76&lf 3$ 



ACTIVATED SLUDGE PROCESS 
AERATION TANK 



TROUBLESHOOTING GUIDE NO. 2 — f^OAMINQ PROBLEMS (continued) _ 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHEClT^^- 


REMEDIES 


REf^ERENCES 




♦ 


d, ao. revels' mafntafned 
with Increasing air rates. 

e. Decrease In WAS rates. 

Secondary effluent nitrate 
level above 1.0 mg/i, 

9- Increase In secondary 
effluent chlorine 
demand. \^ 

h. Decrease In aeration 
tankeffluentpH. 


2) Tor additional checks end 
remedies refer to Trouble- 
stiootfng GuEde 5 and 7. 

3) For multiple tank operation 
refer to Qbservatfon No, 1, 
Probable Cause of this 
guide. 


i 


4. Dark-brown, aJmo^^t 
blacklah sudsy loam on 
aere' n tank surface. 
Mixed llQUOr color very 
dafk'bfown to armo^t blacic 
Detection of septic or sour 
odor from aeration tenk. 


A, Anaerobic conditions 
occurring Inaeratlon tank* 


1. nefer to Troubleshooting 
Guide No. 1( ObstTvatfon 
No. IS and 3. 


I 


( 



ACTIVATED SLUDGE PROCESS 
^ ' SECONDARY CLARIFIER ' * ^ 



TAOU^ESHOOTING GUIDE NO. 3 - SOLIDS WASHOUTJbUlOWING SOLIDS 



OBSERVATION 

r 


4 

PROBABLE CAUSE 


NECESSARY CHECK 


REMEDIES 


REFERENCES . 


Localized clouds of t]om- 
oQonous sludge soilds 
rising Jn certain areas 
Itie QlarlfEer. Mixed lEquor 
In settloablllty test settles 
fainy well witti a clear 
supernal ant> 


A. Equipment malfunction. 


1. Refer lo Tioubteshooting 

/^trlflA Mn 1 ObRAiVAltonfi 

1A2^and2-B. ' 

\ 2. Checl( ttie following 
equipment ftr abnormal 
operation* 


2) ' Repdir or replace abnormal 
operallnodqitlpmertt 


pgll77^ 


# 


1 

/ 


kcatibratton of flo^w 
meters. 

b>Plugged or partially 
plugged Ft^S o^VVAS 
pumps and tiansferilnes. 










cSludge cotlecHon 
mechanisms, such as 
broken or worn out 
flights, ctiafns, sprock- 
ets, squeegees, plugged 

" sludge withdrawal tubes. 








i 


3. Check sludge removal rate 
and sludge blanket depth 
In cfarlfler* 


3) Adjust RAS rates anjl^^ 
sludge collector mectia^ 
Ism speed to maintain 
sludge blanket depth at 1 
to3'ledtfrom clarlller floor 


^T)g 11-29 



ACTIVATED SLUDGE PROCESS 
SECONDARY CtARlFIER 



TROUBLESHOOTING GUIDE NO. 3 — SOLIDS WASHOUT/BILLOWING SOLIDS {continued) 



OBSERVATION 



PROVABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



>> REFERENCES 



Air or gas entrapment in 
kludge floe or denltrlfl- 
callon occurring* 



1, 



C. Temperature currents. 



Solids washout due to 
hydraulic overloading* 



Perform sludge settfeabliHy 
/ test and gently stir sfudge 
when seltling to see If 
bubbles are leleased 



2. If tAitHites ar^ released, 
check nitrate mg/l in^ 
secondary effluent tuseelf 
thaprocess is nitrifying. 

1* Perform temperature and 
D^O* profiles In claiitler. 



Check inlet and outlet 
baffling for proper solids 
distribution in ctarifler. 



1, Check hydraulic detention - 
time In aeration tank and* 
clariflert and surface over- 
flow rate In clariflor* 



t) If the process is not nitri- 
fying, refer to Probable 
Cause A above, and 
tfOUt>}eshooting Guide No* 
7t Observation 2* 

2) if the process Is nitrifying, 
refer to Troubleshooting 
Gu}4e No. ^5, Probab^fe 
Cause A< 

1) 1} tempefatures exceed 1 
to 2 degrees between top 
and bottom of clanf ier, use. 
an additkmal aeration tank 
and cfarif tor ff possible. ^ 

2) Modify or Install additional 
bafflLglnclarifldrs. 

3) Refer to Probable Cause 
A-1iandA-2at>ove* 

1) Ithydfaullc loadings exceed 
design capability, use 
a<}dltlonal aeration tanks 
and clarif leia if possible* 

2^ Reduce RAS rate to main- 
tain hl{^h sludge blanket 
depth irt clarffler* 

3) IfposslUe, change process 
operatfon to sludge reaera- 
tlon or contact stabilization 
mode* 

4) Refer to Probable Causes 
' 8-1, &2;andC-2 above. 



pg1l90 



pg li<8t 



pgll-$t 



pgll76 



pg 11*29 



pg t1M5 



!2 
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ACTIVATED SLUDGE PROCESS 
SECONDARY CLARIFiSn 



' -mOUBUESHOOTING GUIDE NO. 3 — SOLIDS WASHOUT/BILLOWING SOLIDS (continued) 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK 


REMEDIES 


REFERENCES 


2« Localized clouds of fluffy 
homo0€Dou3 sfudge rlslr^ 
in certafn streas of the 
claHfler, Mixed W^uor fn 
settleablllty test settlor 
afowlyi leavfng stragglers 
In aupematdnl 

* 


A. Overloaded aeration tank 
(Few MLSS) r63ul(Tng In a 
young, low density sludge. 


1, Check and monitor trend 
changea whIcH occur In . 
the following; 

a Decroaae In MLV5S, mg/l 
Decrease in MCHT, 

c Increase in F/M ratia 


1) Decrease WAS rates by not 
more than 10% per day to 
bring procaa^ back to 
optimum parameters. 


pg 11-97 & 11-36 , 

■ 7 

■ ( 






d. Lower air SCFM rate to 
maintain D.Op reveL 


♦ 

♦ 

♦ M 




^ 






f 
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ACTIVATED SLUDGE PROCESS 
SECONDARY CLARIRER 



TROUBLESHOOTrNG QUtDE NO. 4 - SULKING SLUDGE 




• OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK 


REMEDIES 


REFERENCES 


t 

1< i Clouds ef btltowmg honv 
; ogenous sludge rising 
and extending throughout 
the clarltler tank. Mixed 
liquor settle? slowly and 
compacis poorly In settto- 
ability tost, bul supemalant 
Is laldy Clear. 


A, Impropor organic loading 
or levoL 

B. Ftlamenlous organisms. 


1< Check and monllor trend 
- changes which occur 
m9 following: 

a. Decrease In MLVSS mg/L 

b. Docreaee In MCRT. 
Gould Sludge Ago. 

c. Incroas^in FJM ratio. \ 

d* Change In D.O. levels, f 

e. Sudden SVI Increase 
Irom normal* or decrease 
In SDI. 

£ 

1. Perform /hJcroscopJc 
examination of mixed 
liquor and return kludge. 
If Poesible, try lo identify 
type of filamentous organ- 
isms, either fungal or 
bacterial 

2. If fungal is Identllled* 
check Industries for wastes 
which may cause Problems. 

\ 


1) Decrease VMS rates by not' 
more than 10% per day 
unfll process approaches 
normal operating para- 
metersx 

2} Temporarily Increase RAS 
rates ^o mtnlmize solids ^ 
carryovef^ from clarlller ' 
lank. Continue unlll normal , 
control parameters arc 
app roach edx ^ 

3) D.O. level Ihroughout aera- 
tion tank greater than 0.5 
mg/l, preferably 1 to 3 mgfl. 

1} ' If nofllamenlous organisms 
. are observed* ^efer to 
Probable Cause "A" above 

2) Enforce Industrial Waste 
Ordmance to eliminate 
wastes. Also soo Remedy 
4 below. 


pgll62erit-36 
pg 11 29 

pg 11-24 
pg II 63 
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ACTIVATED KLUDGE PROCESS 
SEC'ONDARY CLARIPiER 



TROUBLESHOOTING GUIDE NO. 4 — BULKING SLUDGE (continued) 



k 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



Wastewater nutrient de^ 
frclencles. 



If bacterial ar^ Iddntified, 
chBCk Intiuont wastewater 
aiid In-pl^nt side stream 
flows returning to process 
for massive filamentous 
orsanisms. 



Check nutrient levels In 
inffuent wastewater. The 
BOO to nutrient ratios 
should be too parts BOO 
to 5 parts tolal nitrogen to 
t part PhosPhorua to 0.5 
Iron. 



2. Perfom hourly ML^ettlo* 
abllKy tests. 



3) Chlorinate Influent waate* 
water at 5 to ^0 mg/l 
dosages. 

1 

If higher Usages, are re* 
quired, use extreme cau« 
tlon. Increase dosage at 1 
to2mg/l increments. 

4) Chlorinate RAS at 2 to 3 
Ibs/daWtOOQj^lbs MLVS$. 

5) optimized operational 
performance or uporading 
of other irvplant unit pro- 
cesses will be required if 
filamentous organisms are 
lound in side stream flows. 

t) If nutrient levels are Ms 
than average ratio, field 
tesis Should be performed 
on the Influent wastewater 
for addition of nitrogen In 
the form a anhydrous 
amrrkonOi phospHbrus In 
the form of trlspdlum 
phosphate aiid^or iron in 
the torm of ferric chloride. 



2) Observe tests lor Improve* 
ment In sludge settling 
characteristics with the 
addition of nutrients. 



pg 11*69 ^ 
pgll^ 



p$ii*63.IV-t2.&iV 15 



pgiv-t4 
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ACTIVAYEO SU/e*5E PROCESS 
SEC NDARY CURIFIER 



TROU6LESHOOT3NG GUIDE NO, 4 - &ULKINO SLUDGE (contlntiKj) 



OBSERVATION 



PROBABLE CAUSE 



NECES^RY CHECK 



remed;cs 



REFERENCES 



D Low D.O. in aeration tank 



1' Ctidck D,0. at varlcus 
f*x:atEons ttirougtiout ttie 

tank. 



pH »f> aeration lank is mb 



1. Monitor Dlent inMuom pH. 



2. Ctieck it procosa is nitrify- 
ing duetowarmwdstowater 
temperature or tow FfM 
toadina 



1) If average Is less ttian 
0^ mQ/l, InCreaSQair SCFM 
rats until ttia D,0. isvst Irv 
creases *o between 1 and 3 
mQ/l ttirougtiout ttis tank, 

2) ltJ).0< Iflvete ars nearly 
'/zsro In soms parts of ttie 
i^^tank, but 1 mg/l or more In 

ottisr 'tocatlonst balancs 
ttie aTr distribution system 
or clean dlffuesrs. Refer to 
Troubles tiooting Guide No. 
1, Observation Z 

t) tf pH Is teas ttian 6.5* con- 
duct Industrial survey to 
identify source. If possible* 
stop or neutralize dls- 
ctiargeat source. 

2} ir ttie above ts not possible, 
raise pH by adding ao alka- 
line agent sucti as ciusttc 
socta or lime to ttieaeratlon 
influenl. 

1} if nitrirication is nM r& 
Quired* Increase WA.^ rate 
by not mor^ ttian '\0%\ per 
day to stop nitrification 

2} If nltrirication Is require! 
rates pH by adding an aOca 
itne agent sucti as caustic 
soda or ttme to the aeration 
influent 



pglt'83 



pqlt-$$ 



pqtt20.tt36&iV 12 



PQliae 
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ACTIVATED SLUDGE PROCESS 
SECONDARY CLARIFIER 



TROUBLESHOOTING GUID& NO. 5 — SLUDGE CLUMPING 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



Sludge clumps (from size 
of a golf bait to as large as 
a basketball) rising to and 
dtsporsing on clarlfler 
surface. Bubbles noticed 
on clarifter surface. Mixed 
liquor In settleabllity test 
settles fairly wotli however 
a portion of and /or alt of 
the settled sludge rises to 
the surface wlthlrt four 
hours after tef^t is started. 



A. Den Itrl float ion In clarifier. 



B. Septlclty occurr^ig in 
clarlfler. 



Check for Increase in 
secondary effluent nitrate 
level. 



2. Check loading parameters. 



3. Check D.O. arK) tempera- 
ture l^^^ls IP '''^ aeration 
tank. 



4. Check RAS rates and 
sludge blanket depth In 
clarifier. 



1. Refer to Troubteshooting 
Guide No. 1, Observation 
NO. 2 



2. See 3 and 4 above. 



1) Increase WAS rate by not 
more than 10% per day tc 
reduce or eliminate level of 
nitrification. If nitrification 
is requlredi reduce toTa*' 
fowable minimum. 

2) Maintain WAS rates to keea_ 
process wilhtrt proper 
MCRT, Gould Sludge Age,^ 
andy^/M ratio. 

3) Maintain D.O. at mInlmurTf 
level (1 mg/l). Be sure 
adequate mixing is pro- 
vided in the aBratk)n tank. 

4) Adfust RAS rate to malntairt 
sludge blanket depth of 1 
to3feel In clarlfler. 



P9 11-90 & 11-36 



pg II 36 



P9 11-24 



P9 II 2d 



ACTIVATED SLUDUE PROCESS 
SECONDARY CURIFIER ^ 



TROUBIESHOOTING GUIDE NO, 6 — ClOUDY SECONDARY EFFIUENT 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



1. Secondary eflluent from 
clarlfier is cloudy and 
contains suspended matter, 
- Mixed Hqu^ln settteablltty 
test settles poorly, leaving 
a cloudy supernatant. 



MLSS in aeration tan}( low 
due to process start-up. 



8. Increase tn organic loading. 



C Toxic shock loading 



1. Refer to Troubleshooting 
Guide No. 2, Observation 
No. 1, 



, Perform microscopic 
examination on mixed 
liquor and return sludge. 
Check lor presence of 
protozoa. 



2. Check organic loading on 
process. 



Check D.O. level in aeration 
tank 



1 Perform microscopic 
examination on mixed 
llquoj and return sludge. 
Check for presence of In- 
active protozoa. 



If no protozoa are present* 
possible shock organic 
loading has occurred. 



2) Reduce ViJKS rate by not 
more than 1Q% per day to 
bring process ^back lo 
proper ioading parameters 
and Increase F^AS rates to 
maintain t to 3 foot sludge 
blanket In clarifler. 

3) Adjust air SCFM rate lo 
maintain D.O. levet within 
t.0to3.0mg/J, 



If protozoa are inactive, 
possibility ol recent toxic 
load on process. 



2) Reler to Troubleshooting 
Guide Mo. 2, Observation 

No 



■J 



pg II 93 iV-18 



P0tM2«.ll36 



pq n 24 



po II 93 
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ACTIVATED SLUDGE PHOCESS 
SECONDARY CLARIRER 



TROUBLESHDDTING AmOB. NO. 6 — CLOUDY SECDNDARY EFFLUENT (conttnitsdt 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK - 


REMEDIES 


REFERENCES 




Ov^raeratton causing 
' mixed liquor floe to shear 

*- 

Improper 6.0. tevels 
majntdfr^ In aeration tank. 


1/ Perform microscopic 
examination on mixed 
llduor. Check for dispefsed 
or ffagmenled floe and 
preeence of active 
protozoa. 

1 

1. Rafer to Troubleshooting 
Guide No. 1, ObwfvatEon 

i ^ 


1) Refer 1o Troubleshooting 
Guide ffo. 1, Observation 
No. 1-A. 

\ 


pg tV-18 


1 






^_ / 
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ACTIVATED SLUDGE PROCESS 
SECONDARY CLARtRHR. 

TROUBLESHOOTING GUIDE NO. 7 ASHING AND PlNPOINTfSTRAGGLER PLOC 



ERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMED^ 



REFE^IHNCES 



Fine dispersed floe (about 
the stzd of a ptnhead) 
extendlno throughout the 
crarifler with little Islands 
of sludge accui*:* Mated on 
the surface and cJIschaiiglrg 
over the welf^. Mixed Iktuor 
In settieablllty test^ settles 
^i!/ ^'Sll. Sludge ta dense 
at bottom with ftne particles 
of floe suspended In fairly 
clear supernatant. 



A. Aeration tank approaching 
underloaded conditions 
(High MtSS) because of 
oldstudge Insyetem. 



Check and monitor trend 
changes whfch occur In 
thefolhfwtng: 



a Increase In MLVSS mg/l. 

bw Increase In MCf^, 
Goutd Sludge Age. 

b. DecreaselnRM ratio. 

d,D.D. fovela maintained 
with inbreasino aeration 
Tates« 



2. 



e* DecreaseAn WAS rates. 

f. Decrease In organic 
loadlnrf (BDD/CDD In 
prlma]^erfluent}« 



Check for foamlog 
aeration tank. 



1) 



4) 



IncreascrWAS ra^sby not 
more than 10% por^ to 
bring process b|ipk^tP 
optimum control para> 
meters for average ^anlc 
loading. 



2) 



3) 



Refer to Troubles hooting 
Gutde Na 2 for any foam> 
Ing which may be occurring 
In aeration tank. 



Adjust RAS rates to main- 
tain sludge blanket depth 
of1to3feeiinclariflef. 

Refer to Troubleshooting 
%ulde No. 1 for additional 
observations. 



pgll-97^H^ 



pg 11-29 
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TROUBLESHOOTING GUIDE N0> 7 — ASHING AND PINPOINTiSTRAGGLER FLOC (cOfij|rfued) 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFER^CES 



Small particles of ash-like 
material floattnE? on clarill^r 
surface. 



A. Beginning of denllrlfl- 
callon^ 



Excessive amounts of 
grease }n mlxeO iQuo^ 



1. Stfr floallng floe on surface 
of aamlnule setlfing lest. 



Perform a grease analysis 
on MLSS, and check scum 
baffles In primary lank. 



Check grease content in 
raw wastewater. 



1) If floating Hoc releases 
bubbles and settles; see 
'Roubleahooting Guide' No 
5, Probable Cause A. 

2) If II does not settle, refer 
to Probable Cause 6, below. 



1) If Ihe grease content ex^ 
ceeds I5percenl by weIgM 
of the MIS$, repair or re- 
ptace scum baffles as 
needed? ' 

2) tr grease* content is ex- 
cessive, implement an 
industrial waste monitoring 
;*nd enlorcomenl program. 



pg 11^5 a 11^3 



pg 11-95 



pg 11-95 
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TROUBLESHOOTING GUIDE NO, 7 — ASHtNG AND PINPOINT/STRAGGLER FtOC (conttnuwJ) 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



3* Particles of straggler floe 
about IM' or larger, 
extending throughout the 
clarifler and discharging 
over the m\m- Mixed liquor 
In settieablllty test» settles 
fairly welLSIudge does not 
com|>act wolf at the bottom 
with ctiunks of- floe 
suspended in fairly clear 
supernatant. 



Aeration tenk slightly 
underloaded (Low MISS) 
due to organic load 
change. 



Check and monitor trend 
ehanges whieh occur in 
Ihe following: 

a. Oeerease in MIVSS mg/L 



b. Decrease In MCFTT 
Gould Sludge Age. 

c. Increasein F/M ratio. 

d. Leas aerat^ rate used 
tomalntainO.O. 

e. Increaee In WAS rates. 

f. Increase or decrease In 
Organic ;Joedlng 
{QOD/COD in primary 
effluent). 

2. Check for foaming In 
aeration tanks. 



1) Decrease WAS rales by not 
more than '10% per day lo 
bring process back to 
optimum control par^ 
ameter? for average organic 
loading. 



2) Refer to Troubleshooting 
Oulde No. 2 for eny foam* 
ing which may be occurring 
in aeration tank. 

3) Adjust f^AS' rales to mainr 
lein alucjge blanket depth 
oflto^feetin cJarlfJer. 

4) Decrease aeration SCFM 
rates to main lain minimum 
D.O. of only 1.0 mn lu 
aeration tank. Refer to 
Troubleshooting Guide No. 
1 for additional 
observations. 



pg 11.97 11-36 



rg 11-29 



pg II 24 
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ACTIVATED SLUDGE PROCESS 
SECTION Ih PROCESS CONTROL 



2.01 INTRODUCTION 



Imp^^n^toU 
proptrly 



Acc«pUblft 



The activated sludge process is reliable and has the ability to handle shock 
loads. It requires much more monitoring and control than the trickling filter 
process. Therefore, proper operation and contiol Is essential to achieve 
optimum performance and to avoid operational problems. Table IM presents 
Quldellnes to achieving successful process control 

The operating parameters given In this section are Intended as acceptable 
ranges to guide the operator In achieving operational control at his plant. 
Operation and control of a particular activated sludge process should be based 
on its response ard performance as related to the control techniques applied. 
The success or failure in achieving the best possible performance from the 
treatment plant Is dependent on the operator. There are five process control 
techniques presented under Waste Activated Sludge Control in this section 
of the manual. The operator should study each of these technqiues and apply 
the v/aste control program which he feels will provide the best effluent quality. 



TABLE IM 

GUIDE TO SUCCESSFUL PROCESS CONTROL 





REQUIREMENT 


REFERENCE 




Sound operational and preventive 
maintenance measures. 


Section 2,02, 
OPERATIONAL GUIDES 


2. 


Laboratory monitoring 


Section 4.02t 

LABORATORY SAMPLING AND 
TESTING PROGRAM 


3. 


Accurate, uptodate records. 


Appendix A, 

OPERATIONAL RECORDS 


4. ' 


Evaluation of operational and laboratory 
data. 


— ^ ^ 

Section 4.03. 

LABORATORY CONTROL TESTS 


5. 


Application of data to adjustrrsnt of the 
process. 


Section 2,04. 
PROCESS CONTROL 


6. 


Troubleshooting problems before they 
become serious. 


Section 1.02, 

TROUBLESHOOTING GUIDES 



IM o:^ 



ACTIVAXeO SLUDGE (PROCESS 
SECTlOM Jl - PROCESS CONTROL 



proven LEv« 



?.02 OPERATIONAL GUIDES 

Operational guides are prn.ic!*5d on the following pages to aid the operator ir^ 
establishing routine operational pr'^coduree for hts acli^iated sludge process. 

Performance of the routine operational proj?edure$ is by no means complete 
without a competent preventive maintenance program. Every item of operating 
equipment requ»r?^^ frequent attention, wilh particular emphasis on lubrica^ 
tion and other preveritive rriainter^ance requirements essential to a trouble- 
free operation ai^d mini.^um maintenance costs. A good preventive maintenance 
program helps to improve process perlormance through a longer jnore 
di^pcndable equipment Ufe. 



2.03 PERFORMANCE EVALUATION 

Evaluation of procest performance is an essential part of compentem process 
control and operation. The $va}uation is helpful in determining process 
response lO vanous modes of ooeration, developing performance trends, and 
identifying the causes of operational problems* For the activated sludge 
p acess, performance evaluation consists of reviewing the BOD, COD* sus^ 
pended matter, and nitrogen removal efficiencies to the mode of operation, 
F;M parameters* and RAS and WAS rates m relationship to control parameters 
Such as MCRT, Goutd Sludge Age, and sludge quality. The reviewand applica- 
tion of lab testing results is further discussed in Section IV - "LABORATORY 
CONTROL' and -APPENDIX A". 



M«nvrjtctor& 



Importance of 
complete dnd 
accumle 
records^ 



Performance ol the activated sludge process is affected &y many factors 
Such as. hydraulic and organic loadings, method of wastewater distribution 
tu multiple tanks* characteristics of applied wastewater (temperature, pH, 
toxicants* etc.)* and performance of other treatment units in th^ plant. An 
effective means of reviewing your plant performance is to maintain daily 
charts or graphs rellectmg such data against time. The charts presented in 
Figure 11-1 serve as visual aids in identifying the optimum control parameters 
and make any trends or changes immediately evident. The preparation and 
u&e of these trend charts are discussed further in ''APPENDIX A". 

Conclusions reached during the process evaluation are then applied to the 
adj' stment of the process (basically adjustment of RAS, WAS and aeration 
rates} for an tflicient and economical operation. Whenever possible, only one 
process adjustment should be made at a time to allow sufficient tinrve between 
each change for the process to respond and stabilize. This is espeaiatly Irue 
^hen decisions are made to adjust F/M* MCRTand Gould Sludge Age, since 
these parameters are directly related to changes in WAS rate. Complete dind 
accurate records of all phases of plant operations and maintenance are 
essential lor^accurate performance evaluation and process control. The 
preparahon of operational records is discussed further in "APPENDIX A"* 
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ACTIVATED SLUDGE PROCESS 



OPERATIONAL GUIDE NO, 1 — AERATION SVSTEi 



EQUIPMENT 


SUGGESTED STE^ROCEDURES 


DETAILS 


FREOUENCV 


REFERENtiE 


A. Aerattoti tantc. 


1. Inspectlorproperopsratlon. 


la- Mectianfcal ^tjlpment 


Twfce/shlft 








lb. PrBsenceoffoamlngon surface. 




TGN0.2 




* 


1c. Boiling or uneven surface aeration 
pattern. 




TGN0,1 




2. Check aOJGveL 


2a, DAInrangeof1.0toaOmQ/L 


Hvery2hrs. 


pglt'26 ^ 




3. Perform routine washdown* 


3a> Hose down Inlet channoISi tank walls— 
especially at the water Hn?, effluent 
baflles, weirs and channels, and other 
appurtenant equipment at wster llna> 


Dally to 
weekly 




/ 


4. Check control gates end gate operators 
for proper operation. 


4S. Opamte gstes an<i operators to full 
open and close position* Adfust gates 
to proper po$ttiOTi to equalize ftow 
distribution. 

4b. Lubricate as recommended by man- 
ufacturer. 


TWlcerlmonth 
to monthly 






5. ChOck Iroth spray system, tt pfovtdcd. 


Sa. Ufiplug spray nozzles as necessary and 
check for proper spray angto^ 


Twice/shtft 






tt. insPeci balKes and 3llluoraw6;f3. 


* 

Malntsfn baffles in good condition. 
Maintain elfluent weirs at equal 
evaluation. 


Monthly 


11-78 
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OPERATIONAL GUIDE NO. 1 




AERATION SYSTEM (continued) 








EQUIPMENT 


SUGGESTEO STEP PROCEDURES 


DETAILS 


FREQUENCY 


REFERENCE^ 




1. 

2 


> 

Inspecl piping for leaks. 

Inspect dltfuser header assetnbties. 


, pipe and joint connections. 

2a. Remove header assembties Imm tank. 
Check diffjusers and connecttons for 
damage and plugging. 


- OaJly 
Tvtf ice/year 


TG No. t 
Observation 
No. 3 
pgllU 




3. 
> 


Check aeration pipe valves and diffuser 
header assembly control valves for 
proper operation. 


Jo, v/perai^ vaives Vj tuii open and close 
position. Adjust valves to proper 
posltons. 


Moniniy 


TGNo* t,. 

Observation 

Na2 




A 


Check air flovv meters, gauges and 
condensate traps. 


4a. Chock and calibrate meters and gauges 
as recommended by manufacturer. 












4b. Drain condensate traps. 


Dally 




C At r Compressors 

(Centrifugal and pcsrttve 
placemen 1) 


t. 


Check air filters. 


Ian Clean or replace filters as rocommended 
by manufacturer. 


Genen^ly 
dictated by 
climatic 
conditions 




2 


Check o;)erailon of compressors and 
motors. 


2a. Check for excessive vibrations, unusual 
noises, lubricant leakage, bearing 
o^/erheatlng 

2b. Check oil levels, If so equipped, main- 
tain proper levels. 

2c. Check packing, mechanical seals-^ 
adjust and maintain as re&ommended 
by manufaclurer. 

2d. Check compressor intake aod discharge 
valves for proper position. 


Tvtfice/shift 
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CPERATlONAtr-dCnDE NO. 1 


— AERATION SYSTEM (contJimed) 








EQUIPMENT 


w 1 

SUGGESTED STEP PROCEDURES 


' DETAILS 


FREQUENCY 


REFERENCE 




3, Check compressor air discharge ba^k 
pressure, 

4, Perform reguair maintenance as recom, 
mended by manulactbrer. 


3a. Record back pressure. Increasing pres- 
sure islndicatlveof dilfuser plugging; 

f 


Daily 


TGN0,1, 
enervation 
No, 3 




5. Alternate compressors in service. 


Daily to 
weekly 




0. Mechanical aeFBio^- 


1 , Check units for proper operation. 

/ 


la Check for excessive vibration^ unusual 
noises^ motor and gear box overheating. 

1£i,i Check lor Proper oil level in gear box 
and proper motor lubrication, 

1o. Check condition of baflled^if so 
equipped^ and repair or replace as 
required. 


Twice/shift 






2. Maintain un'*3 properly. 


2a. Follow manufacturer's mstructions. 






i 











ACTIVATED SLUDGE PROCESS 
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OPERATIONAL GUIDE 2 — SECONDARY CLARIRER 



EQUIPMENT 


SUGGESTED STEP PROCEDURES 


DETAILS 


FREQUENCY 


REFERENCE 


A, Clarlfier 


1. tnspect for proper operation. 


la Mechanical equipment. 


TwIce/shHI 


pg 11-77 


J' 

t ^ 


i 

2. Perform daily washdown^ 

3. Malnlain sfudge colEeclion aciuipment 
and driva units. 


lb. Presence of suspended sludge. 

2a Hosejdown thie influent channelS/tank 
walls— especially al the waler line* 
effluent weir and launders, affluent 
channeland canter feed baffles. 

3a. Follow manufacturer's fnstrucltons. 


Dally lo 
weekly 


tgN'o.3. 
4.5,6.7 




4, InspacI baf f res and effluent w6lr5. 


4a. Malnlain baffles in sound condition. 

4b. Mafniain effluent weira at an equal 
elevatfon. 


Monthly 


P9 11-76 
pg 11-76 




5. Check sludge t^lanket deplh 


&a. Sludge should ba removed to mainlaln 
a blanket depth of 1 to 3 feet. AdJiiSt 
rAS rates as necessary. ^ ^ 


TWice/shlft 
or more 
frequently 


pg 11-29 




6. Check D.O. level In clarifier before 
discharging over effluent weirs. 


6a D.O. level shoufd be maintained at 
minimum of 0.5 mg/l. Adjust aeration air 
as necessary. 


Twrce/shlft 


pg II 24 




7. Check gates and oPerafOrs for proper 
operation. 


7a. Operate gates and operators to full 
open close position. Adtust gates 
to proper position to equalize flow 
distribution. 


Twice/month 
to monthly 
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OPERATIONAL GUIDE 3 — 


PUMPINQ EQUIPMENT AND PIPING IN RAS A^D WAS SYSTEMS 






EQUj^^NT 


SUGGESTEO STEP PROCEDURES 


^ DETAILS 


FREOUENCY 


REFERENCE 


A. Pumps 


Check op6mllon of the pumps and 

2. Aternate pumps in service. 

3. Maintain pumptng units. 


la. Check far excessive vlbr^on, unusual 
noises* lubricant li^akage* and 
Qvertieatlng. 

lb. Checkollreservoirlevel— Ifsoequlpped. 

1c. Check oilfeedrate^ If so equipped. 

Id, Check packing or mechanical seals^ 
make adjustment per manufacturof's 

* 1 19 tl V * V' iw. 

1e, Check po3lt[on of suction and cjischarge 

If. Check pump suction and discharge , 
pressure— If so equipped. 

3a. Fo*^owfnanufaclurer*s Instructions. 


Tw/ce/shtft 

Dally to 
weekly 






4. Fully opan and close atl valvas. 


4a. Makenecessafyadjustmentsorrepairs. 

4b. Maintain valves mKl operators according 
to manufacfiirer's instructions. 


Monthly 






5, Ctieck operallon of aJr vacuum and a(r 
reltof valves. 


Sa, Maintain accor^*' to manufacturer's 
instructions. 


Weekly 






f 

6. Chtick operation of any pump controls 
and Instnimenlatlon* such flow 
meters* donslty meters* conlrol signal 
loop. ^ 


6a. Maintain according to manufaclurer*s 
Instructions. 


Daily 
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Rovlow of in*fil ont f^ocycl ed Flows 

In evaluating the performance ot the process or in trying 10 solve problems, 
careful consideralion should be givers to an In plant recycled flows. Often. 
*n plant recycled flows are lh$ cause of organ*c or hydraulic overloading The 
sludge processing operations may return dacaqls from digesters, thickeners, 
centrituges, 01 vacuum filters The v;aste backwash water fiom eMiuent sand 
filtration proce^^ses may also cause hydraulic overloading or other process 
control problfems. The recycled Mow from improperly operated siudge pro- 
cessing units may account tor as much as 25 percent of the total Pt^nt organic 
loading. Usualiyp ths majonty'O! recycled tlows are passed back Xo p/jmary 
sedimentation units where it t& hoped organ.c solidsi will settl'^ out In most 
cases this practice is the mafor cause of overloading biological processes 
due to poor removal of soi*ds ir* the recycled fiov/s sent 10 the pnnnary sedj 
rnenta'icvnunit^ 

The addtltonai loading ,viii men result in a greater kludge ^^raduclion. and 
Subsequently an increased loading upon the sludge proce^^mg oper^^tion, 
In the activated sludge process, excessive BOD or cOO toa"" ngs wtit even^ 
tualiy reduce efhuenl quaitty and possibly cause anaervotc conditions to 
occur infhe pf0ces,s 



*tf*ctc4 



Some gutdehnos that vjM reduce (heefiects ot recycled fJoVjs on the activated 
siudge process mciitdethe loitowing 

1 Add tiov; conhituously or during lov; nighl ftows to avo^d shock io<jds 

2 Improve efficiency of sludge handling process 

3 UiiNze a fagoon or drying t^ed 'c Poor quality decants fronri siudgr 
processing operations 

^ Avoid pumping ex ess v;ater1o sludge handimg processes 
5 Aerate or pretreai recycled flows to reduce oxygen demands 



Aeration Performance 



A great deai can be learned a^oui lh<5 opera^i^n oi an activated sludge Process 
by revipvvtng aaraiion requirements and performance, 8asicailv. *he mix^d 
tiquor ^ 5 Ss spens^on of miCroorganisn* that consurr>e the organic matter m 
the wastew<iter while utih^tng oissolved oxygen and reteasing caibon dio/ide 
to produce r>e\\ cetl grovjth 



p«rinwt«^* 



The 0*"^ 'equnement is dependent upon ih^ oxygen transfer rate to the mixed 
iiquor and the utij»zatiofr of the (dissolved oxygen by the microorgamsmSp The 
Oxygen transfer rate is chiefly dependent on the design of th^ aeration sys 
tern. The rate of dissolved oxygen utilization is dependent u'^on the rr lO- 
organism activity as it relates lO organic loading. pH, temperature, aert.u m 
period! and availability of dissolved oxygvn The a?r requirements mav be based 
on more than one parameter Tr:e most frequently used parameters by opet 
ators include the amount of air applied per pound COO or SOD removed (CF 
a*r/ib removed) m the precjss and the amount oi air applied per gallon of 
^>a$t€;\vater treated ^CF air/ga*) Typical aeration rates tor tt^ese parameters 
^te pre^ienled m Table H ? 
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TABLE I)-. 

TYPICAL AIR nEQUinEMENT P^^AMETERS 



Diffused Aeration 
System 


Mechanical Aeration System 
System 


CF Air/lb Removed 


CFAlr/Gal 


lbs 02 lbs Removed 


COD 


BOD 




COD 


BOD 


1000-2000 


8f^0 - -1500 


0.5-3.0 


1.5-1.8 


1.0-1,2 



rcquEr«mtnta 

Pf octsf If 

minifying. 



How to 
cclcuUle CP 



Afrfgal 



When evaluating aeration requirements, remember that the S-day BOD, and 
the COD only reflect the carbonaceous portion of the organic loading and not 
the nitrogenous portion of the organic loading. The aeration requirements 
wiJJ be affected by the degree of nitrification as It relates to the nitrogenous 
strength of the organic loading as well as by the wastewater temperature 
and pH. 

The aeration performance parameters can be detennlned as follows; 

Examph CatcufaUon 

A. Data Required 

r COD or BOD removed, lbs/day = 22,000 BOD 
2, Total Air applied, CF/day = 31,900.000 

B. Determine CF ^^jr/lb COD or BOD removed. 

CFAtr/tb removed - Total alrapplied_ 

BOD. Ibs/day 
_ 31,900,000 

22,000 
= 1450 

Bxamptd Calcutailon 

A. Data Required: 

t Total airapplied. CF/day =: 31.900,000 
2. Totalinfluentflow/daytoaeratlontank.gpd =^ 13,000,000 
(exclude RAS flow rate) 

Determine CF alr/gal wastewater treated 

, , , Totaiatr applied 
CF air/gal = - 

Totalflow, gpd 

_ 31 ,900,000 
13,000,000 

= 2A 



How to 

O^Jtb rtmovid 
uting 
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Example CaiculaUon 
A. Data Required 

1. COD or BOD removed Jbs/day = 7200BOD 

2. n = Number of aerators In service ^ 3 

3. hp = horsepower per aerator = 100 

4. FTR = Field transfer rate, each aerator^tbs02/hp/hr ^ 2 

(supplied by aerator manufacturer) 

5. T = Time aerators in service, days k 0.83* 

*Thlsi is determined by dividing the time each aerator \s In service by 
Hours in service 



24 hours/day: 



24 hours/day 



days 



B. Determine lbs 02/tb COD or BOD removed 

lbs Osnb removed = (" hp x FTR x T x 24 hrslday) 
COD or BOD removed, lbs/day 



^ (3 X 100 X ? X 0.83 X 2 4] 
7200 

15.936 



7200 
- 1.6 



Soi , M g.jnvontofy 



rottllonthlp 
loMlVSS 



The amount of suspended matter (SS) that makes u^ the mixed liquor consists 
of living and nonliving organic matter. The living organic matter Is referred to 
as bt^ing active/' The "active" portion of the SS is of major importance be- 
cause included m this portion are the n^>^ roorganisms responsible for treating 
the wastewater. The more accurately the concentration of active micro- 
organisms is known* the more consistently the activated sludge process can 
be controlled. 



TyPlCtlly 

ro-aos ofitit 

MlSSlAvcUHl* 



Many attempts have been made to accurately measure the "active" concen, 
tration of the S3. The most common means of estimating the microorganism 
concentration is the mdl^surement of volatile suspi nded matter (VSS), All the 
organic ntatehal m the SS burns to carbon dioxide and water in the VSS 
determination. Typically, 70-80 percent of the MLSS vvill be VSS, The VSS 
determination provides a crude approximation o* the concentration of living 
biobgical solids because the VSS al^rfcludes a nonliving fraction. Even so, 
the VSS has been found to be an acceptable representation of "active" living 
microorganisms in activated sJudge, 



IM1 



lERLCl 
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p^«ii control 
It r«pr«««i^tHt]y« 
MLSS umpIlflQ 



Samples of MLSS must be taken at several locations In the aeration tanl^ to 
ensure tl^t a representaii^e sample of tlie microorganism concentration is 
collected In general, each compartmentof an aeration tanl^ must be sampled. 
Similarly, aeration tanks that are long and narrow must be sarT^pled at both 
ends and at a mtdpomt to ensure that a representative sample of the mixed 
liquor is collected. Sampling techniques to obtain representative MLSS 
samples are discussed in Section !V - "LABORATORY CONTROL'', 



lERlCl 



Good sampling procedures are essential for making a meaningful estimate of 
the microorganism concentration, and samples for MLSS must be taken 
using a consistent technique. There are two acceptable approaches for 
obtaining a mixed liquor sample: 

1. Composite samples may be taken at consistent Intervals throughout 
the Ciay from the same locations in the aeration tank. 

2. Grap samples taken at the same time eacfi day dt the same locations 
In tlie aei'atlon tank. 

Either of these approaches will produce suitable samp!e&/The first method 
requires a refrigerated automatic samglec.whMe the second method has the 
adjyantages of not depending ort a sophisticated sampler and of developing 
a routine for sampling §nd observation of the aeration tank. Other methods of 
sarripling, such as grab samples taken at various times will produce less 
satisfactory estimates of the MLSS. 



Accurittf 
MLVSSsampks 
v«fy Imporltflt 



The importance of the MLSS samples cannot be over emphasized. It is Im^ 
portant to remember that accurate and representative samples are the key to 
controlling the activated sludge process. 



MLSS Mmptfri 
Ui«d lO 
c«tcuiat» (he 
VoUtlli Solfds 
SflVifltory 



Calculating the Solids Inventory 

The purpose of collecting samples of MLSS is to develop an estimate of 
the amount of microorganisms In the treatment system by determining 
the VSS content in the MLSS. The amount of microorganisms (VSS) in the 
treatment system is the "iriids inventory. The solids Inventory must be 
KfiQwn in order to properly cor^trol the activated sludge process. 



t'^Wdw Jflif«fltory 
r^rltti dirtctty 
wIthMCRT 



Should ^olldi I 
Ihicliriltftf be 
r^ijtiur^lp 
«crildi 
Inviniory? 



The solids inventory is used to determine F/M, MCRT and the amount of 
activated sludge that should be wasted. The solids Inventory varies directly 
with the MORT, that 1$ as the MCRT increases the solids Inventory in- 
creases. It also varies inversely with the t^/M, that Is, as the F/M increases 
th solids inventory decreases. 

A recurnna discussion in the technical literature involves the question of 
whether the soiids in the oladfier should be considered as part of the 
solids inver^o*^. At oresentt there is no one answe** to the question; 
however, ail ct .tions Involving F/M or MCRT must be made using the 
same solids inventory. 
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Argumtnlt 
•gtinst 



Argument tor 



lRg«niriI«RO 
ROWS to 

tolldix 



There sre three basic arguments for not Including the solids in the clarlfier 
Firstp the microorganisms in the system cannot grow due to food and 
oxygen limitations whan they are m the clarlfler. Second, loading para* 
meters for the activated sludge process were first developed on the basis 
of pounds of BOD applied per 1,000 cubic feet of aeration tank, which 
ignaes the solids In the clarlfler Third, the amount of solids In the clarlfler 
l3 note very significant {leas than 10 percent of the total) fraction of the 
total solids In the process. 

The argument In favor of Including thd clarlfler solids In the solids Invan* 
tory t^slmply that these solids are significant and they cannot &6 ignored. 
Additionally, If all of the scllds are Included In the calculations there Is 
less tIKellhood of making an error In the total solids Inventory that exists 
in the process. Finally, errors In the Inventory amount would most IIKely 
ba significant at times when operational problems are exoerlenced * Le. 
when the sludge Is not settling well In the clarlfler. 

The consequences of Ignoring the solids tn the clarlfler will not affect 
process control adjustments In most cases; and It Is suggested that 
operators use this approach when determining the solids inventor/. If 
tgnoring the solids In the clarlfler makes process control Inconsistent as 
obsen^d by variations In effluent quality, then the operator 3hould con- 
sider Including the clarlfler solids when he determines the solids Inventor^' 



SoHds .nventory for a typical activated slue* ,e process may be calculate^l 
as follows: 



How to 

Inventory In thi 
••rttloR tank. 



BxBmph Cetculstton 

A. DataBequlred: 

t Aeration tank volume, mg = 1-2 
2. Number of tanks In service ^ 2 
3- MISS concentration, mg/1 = 2200 

4. Percent VSS In MUSS, JL= 72 

100 

6. Determine total pound'^ VSS In aeration tank, 
lbs VSS 

inventory = tAdr.T«nkVoiMNo.oftftnK9)(MLSS)(%VSS)(S.94lb9^gftl.) 
Aer tank 

= (1.2) (2) (2200) (.72) (8.34) 
:= 31,705 



How 10 
c«reultl« ih« 

oltrJfltr •olfdi 
Inventory. 



If the Clarlfler is included In determining the solids Inventory, the volume 
of sludge hi the clarlfier must be determined by measuring the sludge 
blanket m the clarlfler and obtaining an average depth. The depth meas 
urement from the water surface to the top of the sludge blanket Is sub* 
tracted from the average clarlfler depth to determine the average sludge 
depth In the clarlfler The aversge sludge depth Is then multiplied by the 
surface area of the clarlfler to obtain the volume expressed as cubic feet 
which must be multiplied by 7.48 gal/cu ft and divided by one million to 
convert the volume to million gallons (mg) of sludge. 



11-13 



ACTIVATED SlUDGH PROCESS 
SECTION II - PROCESS CONTROL 



The average VSS conQentration of the sludge in the clarifier Is roughly 
estimated by assuming the top of the sludge blanket Is equal to the 
MLVSS concentration and the bottom of the sludge blanket is equal to the 
VSSras concentration. These two concentrations are then averaged \o 
estimate the concentration of the clarifier sludge. 

The pounds of solids Inventory (VSS) In the clarifier may be determined 
and added to thg aeration tan1( Inventory as follows: 



Exsmph catcuxMion 

1. MLVSS c^centration,mg/i = 1584 

2. VSSraS concentration, mg/l = 3330 ^ 
A. Clarifier depth, *t. = 10 

4. Depth from water surface to sludge blanket (DOB), ft. = 8 

5. Clarifier surface area, sqJt. = 4415 

B. Determine the volume of sludge in the clarifier. 

sludge vol., mg - j p'^"^*^^ ^^^^^^ ^t. * EX>B. ft.) (Surfacearea. sq. ft.)<?.46 qa i;c u. f U 

1.0DO.OOO 

_ (10-8)(4415)(7.48) 
1,000,000 

= 0.066 

C. Determtne the average VSS concentration of the clarifier siudge. 
avg. VSS. mg,i = MLVSS. mg/i ^^VSSras. mg/l 

_ 1584 + 3330 
2 

= 2437 

D. Determine total pounds of VSS in the clarifier. 

VSS, lbs, = (avg Cone, mg/l) (sludge vol., mg) (6.34 lbs/gal) 
in clarifier 

= (2457) (0.066) (8.34) 
- 1,352 
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E. Determine the total VSS inventory by adding the clarifier VSS 
inventory to theaeratJon tank VSS inventory, 
* 

Total VSS, lbs =t MLVSS, lbs + Clarifier VSS, lbs 
^ 31,705 + 1,352 
■ = 33,057 

COD/SOD and Suspended Matter Renr^oval 



What«j« th« 
Indlcstort of 
p«rfofnitnc^7 



jofatftd to SOD. 



The activated sludge process is designed to renr^ovea high percentage of the 
COD/BOD and suspended nr^atter when operated within the proper loading 
range. The removal efficiency of these constituents are very reliable indicators 
of process performance, if the efficiency dtops below the expected design 
performance, action should be taken to locate the reason for the decreased 
efficiency. Operational records, process control parameters, labanalysis, and 
wastewater'^aracteristics should be reviewed and analyzed when trying to 
locate the problem. The information gained from the evaluation should be 
implemented into the operation of the unit process. The best practice when 
making operational changes is to make one change at a time and then allow 
sufficient time (usually tv^o to four weeks) between changes for stabilization 
of the biological process. 

The activated sludge process is also designed toproduqjsan effluent having a 
suspended matter content of 20 mg/l or loss when operated within the proper 
loading range. Much of the secondary effluent BOD will be directly related to 
the amount of suspended matter that has escaped with the ciarifiereffluent 
flow. Careless operational procedures will result in an increased secondary 
effluent BOD. Hence, the evaluation of the unit process performance in regard 
to the suspended matter removaf is valuable in improving both the suspended 
matter and COD/BOD removals. An iticrease of the secondary effluent sus* 
pcnded matter i^an indication that the process is not performing as it^hould. 
The proce&s control parameters, operational records, and wastewater char** 
acteristics should be reviewed and analyzed to determine what action should 
be taken to restore the desired process performance. For guidance in the 
troubleshooting o^ Mgh effluent suspended solids, refer to Section I, ''TROU- 
BLESHOOTING'\ 



coD/eoo 

f«moval 



The COD/BOD and suspended matter removals are normally expressed as 
percentages. These parameters should be recorded dally. The COD/BOD and 
suspended matter removals are all calculated by using the same formula. The 
example calculation given below shows how to determine the suspended 
matter removal efficiency. 
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Bxampie CsfOt^/iiWoff 

A. Data Required 

, 1, Primary effluent suspended matter, mg/l 160 {COD or BOD) 

2. Secondary effluent suspended matter; mg/l = 14 (COD 
or BOD) 

B. Determine percent removal of suspended matter. 

Removal efficiency, % = Influent SS- effluent SS ^ 

InfuentSS 

^ 160:Ji X 100 
160 

= 91 



Process Kinetics 



KlnMfcc af* 
math shoH 
hand for 
control ting 
Iho procasa. 



A great deal of effort and a large number of pgblications have been put forth 
to describe the activated sludge process. The major accomplishment oj these 
efforts has been the development of an approach to activated sludge design 
and operation that is based on the kinetics of microorganism growth. The 
term kinetics normally refers to th6 rate at which chemjcal or biological 
reactions occur, however, microorganism growth kinetics are nothing more 
than expressions that relate organic iBading to the prodi)ction of new micro- 
organisms. 

The concepts c. activated sludge kinetics enables engineers to design waste^ 
water treatment plants on a logical and systematic basis. 



There are two basic concepts, the food to microorganism ratio (F'M) and the 
mean cell residence time (MCRT), that are expressed in the form shown below. 

Foodto microorganism ratio - RM^ jbs COD applied per day 

lbs VSS inventory 



MCRT 



Mean cell residence time = MCRT = 



lbs solids invento ry 

lbs VSS produced per day 



Kinetic Relationships 



The F/M and the MCRT are related by two constants that are called the 
Yield coefficient, Y and the Endogenous Decay coefficient, Kp.The Yield 
coefficient expresses the ratio of the amount of microorganisms produced 
to the amount of food (BOD or COD) consumed. The Yield cb,efficient Is 
measured by operating the activated sludge process at several values of 
MCRT. Typical values of Y based on COD, for domestic wastewater range 
from 0.3 to 0.4 lbs VSS produced/lb COD removed. The Endogenous Decay 
coelficient expresses the decrease Inactive massot microofganismTStne 
to endogenous metabolism. This coefficient is typically about 0.05 lbs 
VSS decayed per day/lb solids inventory. 
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The MCRT is related to the F/M as shown below: 
MCRT.days = ^ 



(Y) (F/M) (Removal effioiency) - Kq 

where, 

y = lbs. VSS produced per lb. COD removed per day 
P^j^ _ lbs. COD applied per day 
lbs. VSS inventory 

Removal efficiency ^ ^ Influent COD, mg/l - Effluent COD-, mg/l ^ ^qo 

Influent CODtmg/l 

Kd = ibs. VSS decay perdayper lb. VSS inventory 

'Soluble COD, see Section IV, 'LABORATORY CONTROL", 

The following example calculations show the interrelationship of MCRT, 
microorganism growth, and F/M. 

Bxampto Catcutation 

A. DataRsquired 

t F/M = 0.55 lbs COD applied/day/lb MLVSS 

2. Y = 0.35 lbs VSS produced per lb COD removed / 

3. .Kd = 0.05lbsdecayperday/lbMLVSS 

4. 'Eff. X COD removal efficiency x 90% (0,90) 

5. MCRT ^ 8.1 days 

6. Ynet = Net sludge yield ^ 0.249 lbs VSS per lb COD 

removed/day 



/ 
/ 



B. Determine the MCRTusing kinetics. 

1 



V 



MCRT, days = 



(Y)(F/M)(eff) - Kd 

1 

(a35) (0.55) (0.90) -0.05 ) 



i 



0.123 



= 8.1 



This indicates tliat an amount of VSS equal to tlie solids inventory mgst 
wasted from tlie process in a 8.1 day period to maintain a constant 
MCRT. 
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C. Determine the net sludge yield (net grovith rate) expressed as a 
ratio of lbs VSS/Jb COD removed/day. 



Ynet. ration 



1 



(MCRT)(F/M){EfU 

1 ' 

(8.1) (0.55) (0,90) 



KOWio 

citcuTaUYfts 
S/day. 



0.249 Ibs VSS/lb COD removed/day 

Dh Determine the net sludge yield (net growth rate) expressed as 
percent of the solids inventory (SI). 

Ynet. ^'^/day = (Ynet, ratio)(F/M){Eff){100%) 

=: (0*249) (0.55) (p.90) (100%) 
= 12.3% of solids inventory 
OR 

Vnet.%/day = [(Y)(F/M)(Elf^KDl100% 

[(0.35) (0.55) (0.90) 0.05) 100% 

X [0.173'-0.05]100% 

- 12.3% Of solids inventory 



This indicates that about 12.3 percent of the solids inventory would have 
to be wasted per day to maintain a constant MLVSS or F/M assuming that 
ether conditions are not changing significantly. 



How to 

c0lciiritoF/M 
whon MCRTi Y 
•nd% 
•ffl Clancy li 
known* 



E. Determine the F/M when the MCRT, net sludge yield, and removal 
efficiency are Known. 



.F/M ^ 



1 



(MCRT)(Ynet)(Ef{) 

1 

(8,1) (0.249) (0.90) 



^ ^ 0.55 lbs COD applied/lb solids inventory 



Solid! in vantory 
muitolwayi bo 
calcufattd 
oomowoy. 



All the Kinetic calculations must be based on the same solids In* 
ventory— either the MLVSS under aeration or the total VSS In the 
^activated studge process. 
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Table 11-3 presents the relationship of MCRT to F/M for two values of the Yield 
coefficient. 



TABIE 11-3 



ihtMcnTtotha 



APPROXIMATE REIATIONSHIP OF THE 
FfM TO'THE MCRT 
(Kd = 0,05 per day) 

'F/M Range (COD) 



MCRT 


Y = 0.3 


Y = 0.4 


20 


0.33 


0.25 


ie 


■ 0.39 


0.29 


10 


0.50 


0.38 


7:5 


0.61 


0.46 


5 ' 


0.83 


^ 0.63 


2,5 


1.50 


J 



A Simitar table can be developed for the relationship ofMCRT and F/M wheii 
BOD IS used instead of COD, A typical range of values for the Yield coefficient 
for domestic wastewater on a BOD basis is 0.5 to a6 lbs MLVSS produced per 
lb of BOD removed. The value of Kq remains at 0.05 per day. Table 11.-4 presertts 
thejfelationship of the MCRT to the F/M for two values of the Yield coefficient: 



MCRT 

20 
15 
10 

7.5 
0.50 

3 



TABIE IM 

APPROXIMATE REIATIONSHIP OF THE '* 
F/M TO THE MCRT 
(Kd k 0.05 per day) 

*F/M Range (BOD) 



Y 0.5 


Y*r0.6 


0,20 


V 0.17 


0.23 


0.19 


0.30 


0.25 


0.37 


0.30 


0.42 




0.77 


/ 0.64 



*F/M expressed as lbs removed/day/lb VS^ inventory^o express the F/M as 
lbs app[jed/day/lb VSS inventory, divide the F/M presented In the Table by 
the removal efficiency {as %) of the treatment process. 
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Many activated sludga procassas ara daslgned to attain a high degraa of 
nitrification. This section Is devoted to evaluation of tha process parformanca 
basad on nitrification, ^ 

The degree of nitrlflcatlonithat must be attalnBdMn the actlvatad aludga 
procass ts dictatad by tha maximum allowabla limit of ammonia nitrogen 
discharged with the final effluent. This limit Is usually govarnad by the NPDES 
parmit Issued by stata or FaCeral ragulatoryaganclas. y 



nhmicjitlon 



Whitaehldvii 

f nJtrJrJcitmn? 

,1 



nttrlflcitlon? 



In fresh wastawater tha nltrogan prasent predomlnatas as organic nitrogan, 
Aa tha organic mattar In tha wastawatar decomposes^ a portion of tha organic 
nltrogan Js convarted to ammonia nltrogan. Whan thd waatewater Is suffl- 
clanty aeratad, nitrifying bactaria will convert the ammonia nitrogen to nitrlta 
nitrogen and subsaquently to nitrata nitrogen. Nitrate represants tha final 
form of nltrogan resulting from tha oxidation of nitrogenous compounds (n 
the wastewater. The nltrogan cycle Is Illustrated In FIgura 11*2, 

To achlave the desired degree of nitrification, the Maan Call Rasldenca Time 
must be long anou^h (usually 10 days plus) to allow tha nitrifying bacteria 
sufficient time to cqnvart nitroganous compounds to nitrate nltrogan. Since 
the nitrifying bacteria grow much slower than tha bactaria utilizing the car* 
bonaceous compounds. It Is possible towasta tfie nitrifying bacteria from tha 
system at a highar rata than their growth rata, ^ v 

The factors affacting the growth rate of tha nitrifying bactaria are primarily^ 
DO, pH, temparatura, and the availability of nitrogenous food. 

The DO In tha aaratlon tank must usually ba 1*0 mg/t or greatar whan oparating 
the process to nitrify. Nitrification exerts a substantial oxygen raqulrement. 
The oxyge^n requlrament may be Calculated as follows: ^ 
NH3, oxidation = IbsNHS x 4,6 = 02lba/dGy 

\ 

Tha optimum pH ranga Is 7,9 to 6.9; however, tha range of 7.6 to 7.8 Is recom- 
mended In ordar to allow eacape of tha carbon dioxide to the atmoaphere. 
Theoretlcallyi7.1 lbs ofCaCOsalkallnltyaradestroyadperpound of ammonia 
nitrogen oxidized, thua resulting In a decraaalng pH within the aaratlon tank. 

Tha optimum temperature range Is 15^ to 35^ C, Tha growth i;^te of nitrifying 
bacteria tncreasas es tha wastew&ter temperatura Increasas and converaaiy 
It dacreases as the waatewatartemparature decreaaes. Since thera la no 
control ovar tha wastawater temperature^ compensation for alower wintar 
growth rates by Incraasing the MCRT and maintaining the pH within tha 
recommandad range^must be mada. 

The growth rata of nitrifying bacteria Es affectad vary Httle by tha organic 
load applied. Howaven tha population of the nitrifying bactaria will ba llmltad 
by tha amount of nitrogenous food avaiiabia In the wastewater. 



I 
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SOLID UNES SHOW IMPORTANT PATHWAYS IN THE BIOLOGICAL 
TREATMENT OF T^ASTEWATER. THE BROKEN LINE FOR 
NITROGEN FIXATION IS ONLY ADDiJD TO COMPLETE THE CYCLE. 

APPROXIMATELY 60 TO 80% OF THE NITROGEN IN RAW DOMESTIC 
WASTEWATER IS IN THE FORM OF AMMONIA NITROGEN. THE 
REST IS PRIMARILY IN THE FORM OF ORGANIC NITROGEN. 

WASTEWATER NITROGEN CYCLE 
FIGURE II-2 
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When reviewing the performance of the activated sludge process for the 
selection of an optimum F/M ratio; MCRT or Gould Sludge Age must be 
considered along with nitrification requirements. These parameters should 
be selected to provide the degree of nitrification required by the discharge 
permit. IF the ammonia nitrogen limit \s being exceeded, the MCRT or Gould 
Sludge Age should be increased* Increasing these parameters wfll increase 
ihe MLVSS and consequently decrease the F/M ratio* With the other condi- 
tions constant, a definite relationship will exist between the weight ratio of 
the arr^monia nitrogen oxidized per day to the^ WSS under aeration. 

The growth of cell mass from the oxidation ot ammonia i$ about 0.05 lbs per 
lb of ammonia nitrogen oxidized. As a result the degree of nitrification will 
have little effect on the next sludge yield and WAS rates. 

Secondary Clarif lers 

Clarifiers in the activated sludge process serve ^ dual purpose. They must 
provide a clarified effluent and a concentrajBdsource ol return sludge for 
maintaining process control. Adequatear^and depth is essential to allow 
the aeration tank effluent (MLSS) t<>6;^1eand compact without carry over of 
solids In the clarified -^ff I ueni^To prevent solids carry oveV, secondary clari- 
fiers are designed to be^pe^ated within given parameters. These parameters 
include the surface overflow rate (gpd/sq. ft,) and solids loading rate (lbs 
solids/day/sq. ft,). Typical ranges for these parameters are pf'e^ented in Table 
11-5, 

TABLE 11-5* 

TYPICAL DESIGN PARAMETERS FOR SECONDARY CLARIFIERS 



Process 
Variation 


Surface Overflow 
Rate 
gpd/sq ft 


Solids 
Loading 1 
Ibsolids/day/sq ft 


Depth 


Average 


Peak 


Average 


Peak 


High rate 
Conventional and 
Sludge Reaeration 


400-800 


1,000-1,200 


20-30 


i 

50 


ft 
12-15 


Extended Aeration 


200-400 


800 


20-30 


50 


12-16 



1 Allowable solids loadings are generally governed by sludge settling characteristics 
associated with cold weather operations. 

* Source; 'Design Manumit for Upgrading Existing WB$tewater Treatment Pacilitie$'\ 
EPA Technology Transfer, 1974, 
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:rluHac© OvorFlow Rat^i 

The t>ufface overttov; rate the parameter commonly **:jecl to measure 
me hydraulic loading on the secondary dander. The surface overflow rate 
expressed as gallons waste (low per day per square foot of surface area 
^gpd/sq ft ) The surface overllovv rate dnecUy related to the clarifier s 
abjhty 10 etiectively aliocj soljd? to setlle. Normally, if the surface over- 
tiow fate is wrthm the design range, it can be assumed that the detention 
Uiiir- dfici wcif overHo;/ rates are also within the design range, however, 
conf-idt:^*3hon should be giv*^n to llow distrjbutton which can cf /t;a short 
c^rcuiUny of Uqw through the unit 

The surface o^^ei^f tOA' rate is deternnmt>d as shovm belovj. 



C ^£innpl& Calculation 
Data Required 

1 0. Pea^^ hour wastevjater fiow, gpd = 4,300,000 

2 Si *^ce area of cianftcr. jq Jt = ^416 

8 C;.ti:rrn!ne Ihe ::.urlact^ Overflow r^ie 

Suft^sce oveftio;; Rate, gpd/sq ft. = ^ 

Surface Area, ft 

_ 4,300.000 
4416 



- 974 



Solids loadm^iP^ate 



c^^iTibut?: ^o 



S^;r.or. .. clarifiers the activated sludge process mus^ be designed and 
opei^^ted nor only for ihesurfu overflow r^xies but also for solids loading 
rate^^ T ii^^ It. due ni?ah/ for setthng and compaciion oi the MLSS which 
enfei^ !he ''"J^rHter W^en excessive MLSS concent, jttons are maintained 
fo me process, the abthty of the clantier to compact the solids becomes 
the qoverr^jnc^ tac.or Th^;reJore so' 'oading rates on the clantier be- 
corr * more cn: " ii, especia ly dur*?.^ sudden Changes in flow id^es v.'hich 
fesuff Hi cMrifier sotids .vas^^ oin For thts reason, the operator should 
p< r'OdtcaMy che'ik rhe ^oliOs loadfttg rate cn The ciar*ffef 
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The solids ioading rate is determined as shown belov;: 



OOabovf 



A. OJta Required 

1. Qi Peak hour wastewater flov/imgd - 4.3 
2- QRASiRASflowrateimgd = 1.3 

3. MLSS concentration! mg/i = 2900 

4. Surface area of clerUler, sq.ft. = 4415 

B. Determine soiids loacffng^rate. 

lbssolids/day/sq.ft. . (Q + QR AS) (MLSS)<8.34 lbs/gal) 

Surface Area, sq. ft. 

_ (4.3 + 1.3)(2 900)(8.34) 
4415 

_ 104,000 

4415 
= 23.5 
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Control of the activated sludge process cor sist of reviewing operating data 
and lab test resu»,s to select the proper operational parameters (such as F/M, 
MCRT, Gould Sludge Age» MLSS concentr^xtlons, and sludge equality tn relation 
to RAS and WAS control rates) that provide the best performance at th^ least 
cost. The plant operator must be both cost conscious and concerned with the 
cons^.vc^tion of povjer as well as the production of an effluent that will meet 
discharge r_ luirements. For example, to conserve power and minimize oper- 
ational costSi the operator should select and utilize the control parameters 
which will provide the required perfo^^mance so as not to reduce the quality of 
activated sludge and subsequently the quality of secondary effluent. 



Proper D.O. 
Iivftis. 



Fr«quancvcf 
D,0, monllOflnQ. 



Aeration a nd p.p. Control 

The 0.0. concentration in the a'^ration tank should normally be maintained 
between 1.0 and 3.0 mg/l. It is believed that a D.O. concentration greater than 
1.0 mg/l should be maintained] Ir the aeration tank at alt times to get adequate 
mixing and microorganism activity. If nitrification -s required and the D.O. 
concentration is allowed to drop below 1.0 mg/l, nitrifying microorganisms 
will become less active and may possible die off. Conversely, cveraeratlon 
may result in the breakup of the MLSS t^DC particles which will appear on the 
secondary ciarifier surface. 

It is very important that the operator monitor the aeration tank D.O. levels and 
air flow rates perioaically {every 2 hours is suggested) to make aopropriatt m 
rate adjustments as required. If D.O. monitoring instrumen*^ .lon is provi^^Ji 
it Is imperative that i^t be properly maintained at^d calibrated to provide values 
that are valid and reliable. 
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Since ttie power costs for opeiating the activated sludge process are h.gh, 
excessive atr rates are not on^y v^^asteful but atso expensive and may result In 
poor sludge settling characteristics In the secondary ciarif [ers. 

The concentration of D.O. in the mixed liquor must be sufficient to ensure 
that oxygen is available for the microorganisms. Whan oxygen limits the 
grovi^th of the microorganisms, the settieabliity and quality of the activated 
sludge may be poor. Poor sludge settling has associated v^lth D.O, con- 
centrations below 0.5 mg/i in the aeration basin. Procedures for monitoring 
and maiK'.ainlng aeration and D.O. control are pre&snted in Table 11^6 The 
operator may develop detailed standard operating procedures (SOP) for his 
plant by utilizing this table. 

Return ActivatBd Sludge Control 



Ntidvvtll 

Mt1l[n9ML$$ 

4or>tUTntoth> 

mtxidliquor. 



To properly operate the activated sludge pnDcesSt a good settling mixed lEquor 
must be achieved and maintained. The MLSS are settled in a ciarlfier, and 
then returned to the aeration tank as the Return Activated Sludge (RAS). The 
RAS makes it possible for the microorganisms to be ^n the treatment system 
longer than the flowing wastewater. For conventional activated sludge oper^ 
atlons, the RAS flow Is generally about 20 to 40 percent of the incoming 
wastewater flow. Changes in the activated sludge quality will require different 
RAS flow rates due to settling characteristics of tha sludge. Table 11-7 shows 
lypioai ranges of RAS flow rates for some activated sSudge process variations. 



TABLE 117 

A GUIDE TO TYPJCAL RAS FLOW RATE PERCENTAGES 
(Ref: Bacommsnded Standards for Sswage Workst p. B2) 



Ty^eof Activated 



RAS f!ow rate as % of incoming wast*?water 
flow to aeration tank 



Sludge Process 


Average 


UovjQt Llmtt 


Upper Limit 


Convantfonai 


30 


15 


75 


ModlfJed or "'tdgh rate" 


20 


10 


50 


Step feed 


50 


20 


75 


Contact stabilization 


100 


50 


150 


Extended aeration 


100 


50 


200 



8»fo conopts 



Therd are two basic approaches that can bo used to control the RAS flow rate. 
Thdse approaches are based on the following: 

1) Controlling the HAS flow rate independently from the Influent flov^ 

2) Controlling the RAS fiovj rate as a constant percentage of the Influent 
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TABLE U-6 

smmm operating procedures 

AERATION m D.O. CONTROL 



PilOCECHIRE 


FREQUENCY 


KETHCD 


RA^GE 


CONDITION 


PROBABLE CAUSE 


RESPONSE 


CHECK 0.0, 
LEVEL 


EVlRY 
2 HOUJIS 


O.C. METER 

'''OOriETRiC 
y*.THOO^ 


MOR*^ALLY 
TO 3 mg/l 


HIGH 

SATISFACTORY 
L0» 


TOO HUCH AERATION 
TOO LITTLE AERATION 


DECREASE AERATION 
CONTINUE MONITORING 
INCREASE AEflATION 


CHECK UNIFORMITY 

Ur Atrial lUN 

PATTERN IN 

AERATION 

TAUK 


OAILY 


VISUAL 


UNIFORM KlXINa I 
ROLL PATTERN, & 
AIR BUBBLE 


DEAD SPOTi 

UNEVEN ROLL 
PAH^RN 


IMPROPER DISTRIBUTION 

Ur nln 

IMPROPER DISTRIBUTION 
OF AIR 


PERF0PJ4 D.O. PROFILES 

AnU t^ALAntt AJK 

DISTRIBUTION WITM 
HEADER VALVES 








OISBURSEMENT 


LOCALUED BOILING 


DIFFUSEI! MALFUNCTION 


PULL AMD CHECK FOR 
PLUGGED DIFFUSEfiS 


CHECK AIR 
REQUIREMENT 
(OIFFUSEO 
AERATION) 


DAILY 


CALCULATION 

SCF/LB COO OR 
LB BOO REMOVEO 


SEE TA81E 11-^ 


HIGH 

SATISFACTORY 
LOW 


POOR 0^ TRANSFER 
OR NITRIFICATION 

INACCURATE O.O., COD, 
OR BOD MEASUREMENT 


CHECK UNIFORMITY OF AERATIOM 
CHECK FOR NITRIFICATION 

CONTINUE HOKITORINC 

RECALIBRATE D.O. METER 
CHECK LAB ANALYSIS 


CHECK AIR REQUIRE- 
MENT (MECHANICAL 
AERATION) 


MONTHLY 


CAI,CULATIt/N 
LBS O^/LB 

COO OR LB BOD 
fiEHOVtO 


SEE TABLE 11-2 


HIGH 

SATISFACTORY 
LOW 


LOW LOADING 

HIGH LOADING, 
INSUFFICIENT AERATION 
CAPACITY 


REDUCE NUMBER OF UNITS 
IN OPERATION>-CHEC<C FOR 
ADEQUATE MIXING. 

IMPROVE PRIMARY TREATfMENT 
INCREASE NUMBER Of UNj^TS 
IN OPERATION ^ 



COPPER ^'aLFATE-SULFAMIC ACIO FLOCtyLATION MODIFICATION 
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Constant RAS Flow Rate Control 



Elf «tt d 
consUntRAS 
on MLSS. 



EftdCtoT 
conitftnt PAS 
on sTuds« 
bfsnk^t dtpth. 



Setting the RAS at a constant flow rate that is independent of the aeration 
tank influent wastewater flow rate results in a continuously varying MLSS 
concentration will be at a minimum during peak influent flows and a 
maximum during minimum influent flows. This occurs because the MLSS 
are flowing into th6 clarifier at a higher rate during peak flow when they 
are being removed at a constant rate. Similarly, at minimum influent flow 
rates, the MLSS are being returned to the aerat'on tank at a higher rate 
than tttey are flowing into the clarifier. The aaration tank and the sec* 
ondary clarifier must be looked at as a system where the MLSS are stored 
in the aeration tank during minimum wastewat^^r flow and then trans- 
ferred to the clarifier as the wastewater flows initi^Jly Increase. In essence, 
tne clarifier acts as a storage reservoir for the MLSS, and the clarifier has 
a constantly changing depth of sludge blanket ao the ^^LSS moves from 
the aeration tank to the clarifier and vice versa. The advantage of using 
this approach is simplicity, because tt minimizes the arr^ount rf effort for 
control. It is h\so especially advantageous for small plants because of 
limited flexibility. 



Constants 
mor«cocnpfdx. 

Efloct of flow 
prcpOi1lon«l 
RAS conlroi 
on MLSS. 



Constant RAS 



Constant 
ptrc«nt«g9 

RAS 

AdvinUgeS' 



DIsatiVAnttgv 



Dis«dvanUi9« 

d How 
propoftlohal 
RAS control. 



Constant Percentagt:^ RAS Flow Rata Control 

The second approach to controlling RAS flow rate requires a programmed 
method for maintaining a constant percentage of the aeration tank influent 
wastewatei flow rate. The program may consist of an automatic flow 
measurement device, a programmed system, or frequent manual adjust- 
ments. The programmed method is designed to keep the MLSS niore 
constant through high and t£>w llow periods. 

Comparison of Both RAS Control Approaches 

The advantages of the constant RAS flov/ approach are the foilowing: 

1) Simplicity. 

2) Maximum solids loading on the clarifier occurs at the initial start 
of peak flow periods. 

3) Requires less operational time. 

The advantages of the constant oercentage RAS flow are the following: 

1) Variations in the MLSS concentration are '^eduoed and the F/M 
varies less. 

2) The MLSS wilt rertiain in ihe olarifier lor shorter time Periods, 
which may reduce the possibility of denitrification in the clarifier. 

A disadvantage of using the constant flow appnr^ach Is that the F/M 1$ 
constantly changing, The range o' F/M fluctuation due to the effect of 
short term variation m the MLSS (because of hydraulic loading) is gene 
smalt enough thaf no significant problems arise due to using the constant 
flov; approach. 

The most significant disadvantage of the second approach is that the 
clarifier J3 subiected to maximum solids loading vvhep the clarifier con- 
tains the maximum amount of sludge. This may result in solids washout 
with the effluent 



11-27 

O 4 




TABLE n-8 
STANDARD OPERATING PROCEDURES 
RAS CONTROL 



PROCESS 


CONTROL 
HETHOO 


MODE OF 
OPERATION 


■ 

WHAT TO 
CHECK 


FftEqOENCY OF 
AWUSTHEWT 


WHEN TO 
CHECK 


COWDITIOW 


PROBABIE 
CAUSE 


RESPONSE 


COHPLETE 
KIX Oft 

PLUG aou 


CONSTANT FLOW 


KANUAL 


SLUDGE BLANJIET 


DAILY 


EVERY S HOI^RS 


HIGH 

S^T ISf ACTOrtY 
LOW 


LOW RAS RATE 
HIGH RAS RATE 


INCREASE RETURN 
CONTINUE MONITORING 
PECRtASE RETURN 


CONSTANT * 
OF lUFLUfcHT 
FLOU 


WflWJAl 


J OF INFLUENT 
FLOW 


2 HPS 


tVf RV Z HSS 


HIGH 

SATISFACTORY 

KKtm 


VARIATIONS 
IN DAILY 
INFLUENT 
rt nil 


AWOST TO DESIRED 

^ OF iwfluent flow 


:>LU0GE BLAHKtT 


OflllY 


EVERV ^ MRS 


HIGH 

SATISFACTORY 
LOW 


% OF FLO?^ 
TOO tow 

i OF FLOW 
TOO HIGH 


JHCREASE r OF FLOW 

COMINOE Ka'flTORiNG 
OECfttASE f OF FLOW 


CONSTANT ; 
OF iNFLUETiJ 

FLO:; 


AUTCWATIC 




OAJLV 


EVERY e HftS 


HIGH 

<A1 I^FACTOftV 

loy 


* OF FLOW 
TOO I OW 



; CF flOii 
TOO HIGH 


m^MP^'yl ^ OV KOW 
CONTlMTt WOJJiTOftiNG 
OECRtASE * OF FLDW 


tONTROl BY 
eiANl^tT 

um 


AUTOHATiC 




OAiLV 




HIGH OR LUW 
SATJSFACTOftV 


COfiT ROLL Eft 
m\ f UNCTION 


fix CONTftOLLER OR 
MANUALLY ADOU:>T 
ACCORDINGLY 

CONTINUE HONlTOftlNG 


RfAfftAirON 


CO^^TfiM ■ 
Of FLOW 




ftAriO OF 

[ CENTS if UGE 

TfSTJ 


fVfRY ? mi 


FVfftY 7 HftS 


If'r.H RATIO 
bAT^itACTO^^f 
LOW RATIO 


RfTNPM T0'> 
ftFTURN TOO 


HECRtflSE RtTOftN 

COUTTNUF mqhuorihg 
INCREASE RETURN 
















LOW 
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Sraalt«rptants 
b^nerit from 
coiistantRAS 



How to evolop 

operating 
prociduras. 



In general it appears that most activated sludge operatiniis perform well 
and require lebs attention when the constant RAS flow rate approach is 
used. Activated sludge plants with flows of 10 mgd or less are often 
subject to large hydraulic surges, and performance Of these plants will 
benefit the most from the use of this approach. 

Procedures for monitoring and maintaming RAS flow latesare presented 
in Tabl^ fl-8. The operator may develop detailed standard operating 
procedures (SOP) for his plant by utilizing this table. 



Common 
approachaa for 
RAS control. 



Methods of RAS Flow Rete Control 

For either RAS flow rate control approaches discussed above, there are a 
number of techniques which niay be used to set the rate of sludge return 
flo.v. The most commonly used techniques are listed below; 

1) Monitoring the depth of the sludge blanket. 

2) Mass balance approach. 

3) Settleability approach. 

4) SVI approach. 



Thab«at 

malhod^Mauf« 
blanket c*ap1h 
in cUrifler. 



Increasing 
bfankat'soiuUon 
onShortTfrmis 
tOincraasa RAS 
bul Long Term 
IS 10 dacreasa 
solids <n van tor> 
by wasflng. 



Maasuremanl* 
aama tima *Ach 
day- during 
raa^^lraum How, 



Sludge Blanket Depth 

Monitoring the depth of the sludge blanket in the clarifier is the most 
direct method available for determining the RAS flow rate, The sludge 
blanket depth and uniformity may be checked routinely by the methods 
described in Section IV, "LABORATORY CONTROL." The blanket depth 
should be kept to less than one^fourth of the clarfMer sidewad water depth. 
The operator must check the blanket depth on a routine basis, making 
adjustments in the RAS to control the blanket depth. 

If tt IS observed that the depth of the sludge blanket is increasing, how^ 
ever/an increase in the RAS flow can only solve the problem on a stojcI^ 
term basis. Increases in sludge bl3'Het depth may result from having too" 
much activated sludne in the trea.ment system, ^ind/or because of a 
poorly settling sludge^ Long-term corrections must be made that will 
improve th,e settling charactertst^cs of the sludge or ^^emove the excess 
solids from tho Ireatmenj syste.-n. If the sludge is settling poorly, in^ 
creasing the RAS flow may even cause rViore problems by further increasing 
the ftov; through the clanfier. If the sludge is settling poorly due to bulking, 
the environmental conditions for the microorganisms must be improved, 
if Ihereis too much activated sludge in the treatment system, the excess 
sludge must be v;asted. 

Measurerrt^ntsof the sludge blanket depth in the clarifier should be made 
at the same time each day. The best time to make these measurements Is 
during the penod of maximum daily flow, because the clarifier is operating 
under the highest solids loaiding rate The sludge blanket should be 
measured datly, and adjustments to the RAS rate can be made as neces- 
sary. Adjustments m the RAS flov; rate should only be needed occasionally 
tf the activated sludge process is operating properJ/. 



II 29 





ACTIVATED SLUDGE PROCESS 
SECTION 11* PROCESS C0^4TR0L 
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An additional advantage of monitoring the sludge blanket depth is that 
problems, such as improperly operating sludge collection equipment, will 
be observed due to irregularities in the blanket depth. A plugged pickup 
on a clarifier sludge collection system would cause sludge depth to 
increase in the area of the pickup, and decrease in the areas where the 
properly operating pickups are located. These irregularities in sludge 
blanket depth are easily monitored by measuring profiles of blanket depth 
across the clarifier with th."^ methods and equipment discussed in Section 
IV, "LABORATORY CONTROL." 



Mass 8alance Approach 



Con«Unt 
bttitk«t ffvtu 



The mass balance approach is a useful toot for calculating the RAS flow 
rate; however, it does assume that the level of the sludge blanket in the 
clarifier is constant. 



CintttlniAt* 

RAS flow from 
MLV5$/RAS 



B%%}% of a 
mitt btianco. 



A side benefit of the mass balance approach to RAS flow rate control is 
that in plants without functioning RAS flow meters, the RAS flow can be 
estimated from the measured MLSS toRASss concentration relationships. 

The calculations used i^ this approach are based on a rrTass balance 
performed on the suspended matter in the activated sludge process. A 
mass balance is performed by accotinting for all of the suspended matter 
that enter and leave the process, A typical mass balance around an aera- 
tion tank is shown in Figure 11*3, 



CLARIFIER 




AERATION TAHK MASS BALANCE 
FIGURE II-3 
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Bxampte CatcutaUon 

A. Data Roquired 

1, Qjnfluent wastewater flow, mgd = 7>5 

2- MLSS concentration, mg/l = 2000 

3- RASss Return Sludge concentration, mg/l 7500 

B. Determine RA3 flow rate based on MLSS to HAS ratio. 

QRAS. mgd ^ _QjiMLs£> 
RASss -MLSS. 

_ 7.5 X 2000 
" 7500 2000 

_ 15>000 
5500 

= 2 7or 

^ ±1 X 100 = 32% of influent flov; rate 

75 



Se«tl$ab1Mty Approach 



what(s«iu^3t 
Mtuubiiity? 



Hem If II 
dvUrinlntd/ 



Another method of calculating the RAS flow rate is based on the result 
of tne 30-minute settling test. Settleabllfty is defined as the percentage o^ 
volume occupied by the sludge after settling fpr 30 minutes. 

If after 30 minutes of settling, the final sludge volume were 275 mi in a one 
liter graduate, the RAS flow rate woufd be calculated as follows: 



Example CalculaVon 

A. Data Required 

t, Qjnfluen* wastewater flowr mgd = 7.5 

2. 3V, sludge settling volume in 30 minutes, ml/1 = 275 



0 ^ 

1131 ^ 



ACTIVATEO SLUDGE PROCESS 
^SECTION il-PROCESS CONTdOL 



B. Detemntne RAS flow rate based on 30-mtnute sludge settleablllty 
test. 

QRAS.mgd = — ?V — ^ iqO 
1000 -SV 



275 



1000*275 

« 275_X 100 
725 



X 100 / 



= 37 9 or 38% of Influent flow rate 

ThuSt 

QRASt^ngd = ,38 X 7.5 
=: 2,8 

Figure II— 4 can be used to calculate the RAS flow as a percentage of the 
influent flow. All the operator does )s determine the SV ml/1 at 30*mtnutes 
and then read the R/Q off of the vertical axis. To calculate the Qras* 
multiply the R/Q term by Q. 

The settleabilHy method Is somewhat less accurate than the solids 
balance approach, as It suffers from the assumption that measurements 
made with a I oratory settling cylinder will model the settling In a clarlfler. 
This assumption will seldom (If ever) true because of the dffeots of the 
cylinder walls and the quiescent nature of the liquid In the cylinden 
Some operators have found that gently stirring ('m2 rpm) the sludge during 
the settling test reduces these problems. 
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o 



LlJ 



80 



60 



40 



Oiler 



20 



:l r = 
:: ^ 


sv 

1000 - sv . 


X loos? 
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-H"H4-+'t-H- 


[ M 1 1 M"l 1 


1 1 1 1 1 1 I 1 1 


1 1 1 1 1 1 1 1 1 



SV, SETTLED VOLUME, ml/1 

ESTIMATING RETURN FROM SETTLEABILITY TEST 
FIGURE 1 1-4 
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SVI Approach 

To determine the RAS *! jw rate using the Siudge Volume Index (SVI), it is 
necessary to comb'.fe the mass balance and settleabilHy approach. This 
method is subject to the same limitations as the settleability method. 

This method is based on ustng the SVI to estimate the suspended solids 
concentration in the RAS. This value for RASss is then used in a mass 
balance to determine the RAS flow rate. The RAS flow rate may be deter- 
minea as follows; 



Examp/e Ca/cci/atlon 

A Data Required 
r SVI =5 120 

2. Q, Influent Wastewater flow, mgd = 7.5 

3. MLSS concentration, mg/l = 2000 

B. Determine RASss concentration based on SVi. 

RASss, mg/l :.''>000,000 
* SVI 

_ 1t000,000 
120 

= S333 ' 

C. Determine RAS flow rate based on SVI 
Q X MLSS 



QRAS, mgd = 



RASss MLSS 

7.5 X 2000 
80^3-2000 

15,000 
6333 



= 2.4 or 



7.5 



X 100 =: 32% of influent flow rate 



NOTE, The SVI value was chosen to make the calculated RAS flov;s 
sinniiar lo those calculated in the previous examples. 



V«lu«OlSVl 
\% 1 proce>» 
, ftablllty 
Indkalor Not 

CifbulatEons- 



The real value in the sVl is not in palculatlng the RAS flow, but in as 
use as a process stabUlty indicator. Changes in the SVI at constant 
MLSS are more important than the SVi val'je. Never be concerned 
about comparing the SVI of different treatment plants, because the 
SVI value that indicates good operation In one plant may not neces^ 
sarily apply to good operation in other plants. 
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Return Rates with Separate Sludge Rcaeratton 

In the sludge reaeration variation oHtie activated sludge process, the return 
sludge rate is much nr^ore significant. This is true because tKe rato of return 
directly affects the ratio of sludge concentration between the contact portion 
of the process and the stabilization or reaeratlon portion. Refer to Activated 
Sludge with Slrlge Reaeration in Section til, "FUNDAMcNTALS", for more 
information. Consideration of the ratio of sludge concentration between 
these two poftfons-ntust be coordinated with the mass balance control 
method of setting the return rates, oenerally, a higher rate of return will shift 
solids from the stabilization portion of the process to ttie contact portion ot 
the process. Adequate tl^^ory for making rational adjustments of the contact/ 
stabllrzatton ratio are just becoming availabieiand, at this potnti the operator 
must depend on crude rules of thumb or on his own operating experience to 
determine which levels are appropriate. Tbese rules of thumb include t^e 
follov/ing: 

• The SS concentration in t^e reaeration portion Will eventuaUy equaf 
the RASsS- Therefore, the RAS Uo\w rate should^be controlled on t^e 
basis of maintaining the desired SS concentration in the reaeration 
portion of the process. [ / 

• The coriiact portion 3^ concentrationjjie^' be determmed by *iie foi 
lowing formula. 

contact MLSS^mg/l .£aA§l^^ 

Q + Qras 



QRAS '^^y b3 deiermmed by the following fornnuls 

Qj^^g ^ ( Q)(Mi- S S.mg/l) 

RASss^fTig/i-MLSS.mg/l 

If the SVI remains constant or l>eQins to drop, A indicates ihat the 
solids inventory in the Process may to hlyh and v^asting should bC; 
increased. If the SVI incieases m_c9RjtJnction with a rising sludge 
blanket in the clartfier, ijlujjgfe bulking may occur. Siudge v/asting 
should be increased. / 



Waste Actlvatod Sludge Controf 



Acttv«ttd 
«iu(fgtti» 

C0ftlrolle<i by 
WAS. 



The activated sludge process is basically controfied by ihe amount of actr/^^t 
sludge that is v/asted. The arnouni of v/a^ie activafed oiudo^ {WAS/ removed 
from the process effects all the fallowing; 

• Effluent quality 

• The growth rate of *he microorganism 

• Oxygen consumption 

• Mixed liquor seHleabidty 

• Nutrient quantfties needed 

• The occurrence of foamtng/frothmo 

• The possibility of nitrifying 
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WAS Is used 
to maintain 
&d§«lrad 
growth rate. 



Attempt to 
malnleln 
y steed y-etAteu 



The Objective of wasting activated siudge is to maintain a balance between 
the microorganisms and the amount of food such as COD and BOO. it is known 

* that when the microorganisms remove BOO from wastewater, , the amount 
of activated^iudge increases (microorganisms grow an^ muitipiy). The rate^at 
which these microorganisms grow is caiied the growth rate and Is defined as 
the Increase in the amount of activated studqe that takes place ifi one day. 
The objective of sludge wasting is to remove just that amount of micro- 
organisms that gro\v. When thisjs done the amount of activated sludge formed 
by the microorganism growth Is just balanced by that which Is removed from 

' the process. This therefore allows the tot^t amount of activated sludge In the 
process^to remain somewhat cdnstant. This condition Is called ^*stBady^state" 
- which is a desirabie condition for operation. IHowever, "steady^state" can 
only be approximated because of the variations in the nature and quantrtyof 
the food supply (BOO) and of the microorganism population. It Is^the objective 
of process control to approach a particular, "steady-state" by controlling any 
one or a combination of theToll6wlng control^parameters: 

MdRT * : ' 



F/M 

Gould Sludge Age 
Volatile solids inventory 
MLVSS concentration 
SludgeQuality Control 



■j 



The best mode of process control will produce a high quality effluent with 
consistent treatmentat a minimal cost j 



WAS Is normally 
e portion of MS* 



Alternate for 
waeting sludge. 



Wasting of the activated sludge IS normally done by removing a portion of the 
RAS flow. The waste activated sludge is elth&r pumped to thickening facilities 
and then to a digester, or to the primary clarlfiers where it is pumped to a* ^ 
digester wMh the raw sludge. Procedures for making WAS adjustments are' 
presented in Table 11-9 which the operator may use to develop an SOF 



I SOP. 
in^e 



An alternate method for wasting sludge ls(|frorhJhe mixed liquor in ^e aeration 
tank. There is much higher concentration of ^suspended matter In the RAS 
than there Is in the mixed liquor Therefore, when wasting Is practlcedtrom 
the mixed liquor larger sludge handiing facilities are requlrec^i Wasting frohi 
the RAS takes advantage of the gravity settling and thickening ofthe sludge 
that occurs in the secondary olarifier. However, wasting from the mixed liquor 
hns the advantage of hot wasting excessive amounts of sludge because of 
the large quantity |6f sludge involved. The extra security of wasting from the 
mixed liquor should not be underestimated. Unfortunately, many plants do 
not I ave theflexiblllty to waste from the mixed Jlquor nor are there sufficient 
sludge handling facilities to handle t^e mor^'dilute sludge. ' 



Methods of Sludge Wasting 



W««tlni|on 
Intonnlttentor 
continuous 
tmsla. 



Wastifig of the activated siudge can be done on an intermittent or con^ 
^tinous^ basts. The intermittent wasting of siudge means that wasting \t 
conducted on a.batch basis from day today. ' ■ 
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TABLE I 1-9 

STANDARD OPERATING-PROCEDURES FOR WAS CONTROL 



Ihouod or 

I COifTROL 

CCK^TAHT 
F/K 



PROCESS 
OPEMTtON 



Mm RATE 



COttVEHTlONAL 
RATE 



EXTEHOEO 
AERATION 



WHAT TO 
CHECK 



)4LVSS & 

INFLUENT 

COO 



WHEN TO 

CHECK 



OAILY 



CALCUUTIONS 



F/H 8ASE0 OH- 
S OAY AVG. COO 



S OAY AVG. MLVSS 



FREQUENCY OF 
AOJUSTHENT 



OAILY 



COrfl)ITlONS 



ACTUAL F/H; 
HIGH 



SATISFACTORY 



LOU 



PROBABLE 
CAUS£ 



EXCESSIVE 
KASTIf^ 



INSUFFICIENT 
UASTIHG 



RESPONSE 



REDUCE UAS 



INCREASE 
UAS 



COUSTANT 

mvss 



NIGH RATE 



CONVENTIONAL 
RATE 



EXTENOEO 
AERATION 



W.VSS S 
INFLUENT 
COD OR 
SOO 



OAILY 



VOUTILE 

SOLIOS 

INVENTORY 



OAILY 



ACTUAL 
KLYSS: 
HIGH 



SATISFACTORY 



LOU 



INSUFFICIEffT 
UASTINS 



EXCESSIVE 
UASTIHG 



INCREASE 
UAS 



REOUCE UAS 



CONSTANT 



HIGH RATE 



cokyentiokal 
rAte 



EXTENOEO 
AERATION 



HLSS, 

*Us,fi 

EFFLss 



OAILY 



S OAY AVG 
SOLIOS INVENTORY 

S OAY AVERAGE OF 

SOLIOS I^^KAS 



S oAY AVERAGE OF 
SOLIOS IN EFFLUENT 



OAILY 



ACTUAL MCRT: 
HIGH 



SATISFACTORY 



LOU 



INSUFFICIENT 
UASTIHG 



EXCESSIVE 
(tilSTIHG 



INCREASE 
UAS 



REDUCE UAS 



CONSTANT 
GOULO 
SLUOGE 
AGE 



HlGtl RATE 

CONVENTIONAL 
RATE 

EXTENOEO 
AERATION 



INFLUENT 
SS,S HL5S 



OAILY 



$ OAY AVG OF 
SS INVENTORY « 
SS IN INFLUENT 



OAILY 



ACTUAt GSA: 
HIGH 

SATISFACTORY 
LOU 



INSUFFICIENT 



EXCESSIYE 
WASTING 



INCREASE W 
UAS 4 ^ 



REOUCE UAS 



Response - Calculations should be neide to determine the UAS rate* However* when Irvcmslng or 
decrea^1n9 dally UAS rates, aoy changes should not exceed 10 to ^ percent of the previous day's 
UAS rate. This Is necessary to ^low the Process tostablH^e,^ 
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Howto . 
ctlcuUti dtlly 
OWAS 



wasting is done from the FtAS, the opcfrator must measure the volatite 
. suspended matter in th? ras to obtain average concentrations. If the 
volatile- content In the rX^ concentration Is decreasing, the^AS fU>w rate^ 
must be increased proporilonally to waste the proper amount of VSS/ 
Similarly, If there Is an Inc^asaln the RAS volatile content^ the wAS tiow 
rate must be decreased proportionally. 

.. ■ ... ./ . 

When continuous wasting is practiced, the operalor should check the 
FIASvsS^j ieast once every shift and make theappfopriate QyvAS adiust- 



ment. 



Example Catcutatlon 

A. . Data Required * 

1- QWASt Current waste sludge flow rate» mgd^^ 0.05 

2. RASVSSI Concentration first day, mg/i = 6000 

3. RASVSS2 Concentration second day, mg/i ^ 750Q 

B. Determine the adjusted WAS flow rate based on RASVGS increase 
from 6000 to 7600 mg/l. 



QWAS. mgd adjusted = x QyvAS 

RASVSS2 



6000 



X0,05 



7500 
=: 0.80 X 0,05 

^ 0.04 



When Intermittent wasting is praQticed the operator must check the 
FlASvsS calculate the necessary QwAS^ addition this calculation 
must be readjusted foi^the reduced time of wasting, ' 



How to 

cilculitoOwAS 
for Intermit tool 
waiting. 



Exampte CatQutailon 

A. Data Required 

t QWAS'^di^^^^d''^^^^^^^^'^9^ ^ 

2, P, Selected wasting period, hrs/day = 4 ' . 

B. Determine the WAS flow rate for the four hour wasting period. 

QWASi "igtl ® 4 hours =_21hf3/da)f_j^ QwASi adjusted 

P-j hrs/day , •* 

24 



xO.04 



= 6 X 0.04 
= a24 
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\m$ variation In 
ttMi$$tturln9 
tha wasting 
Period w]trf 
Intsfmlttant 
waating. ^ 



SStntha 
effluent 



Evpecinlty 
Impoffant if * 
hfgh cffiuent SS. 



The operator would repeat theOwAS^^^I^^^I^^'op for each wasting period* 
to takeinto account the RASysS variatiotis. 

♦ 

Intermittent^wasting of-sludge his the advantage that less vaYlation in the 
suspended matter concentration wilt occur during the wasting period, 
and the amount ot sludge wasted will be more accurately known. The 
disadvantages of intermitjitent lasting are that the sludge handling facili- 
ties in the treated plant may be loaded at a hrgher hydraulic loading rate 
and that JIhe activated sludge processis out of balance fdr a period of time ^ 
until the microorganisms regrow to replace thgse wasted over the shorter 
-period of time. ^ ^ ^ ' , 

\t\ usi/ig either*of these methods for wasting, the operator does not have , 
complete control of the amount of activated slOdge wasted- due to the 
s6lids lost in the effluent. This "wasting"' of activated sludge in the efflpent- 
must be ^counted for with any method of process-control or the system 
will always be slightly out of balance. The loss 6f activated sludge in the' ' 
. effluent generally accounts for less than five percent of the total solids . 
that need to-be wasted; however, it is necessary to be aware of this loss 
and to be able to take it into'account by the methods shqwn in the con^.,^^ 
stant MCRT control section. The need for taking Into^ account the splids 
fost in the effluent is especially important if one encounters situations 
vChere large concentrations of SS are washed out in the Secondary eftluent. 



Five techniques 
'of coittrol. 



Proper control of the WAS will produce a high quality effluent with mint- 
mun^ operational difficulties. There are five techniques that are commonly 
used for controlling the WAS. These techniques ara listed below in the 
order of their^requency of use in this country. 



\ 



Frequency of Use* - ^ ^ 

1. .ConstantMVlLVSS Control * - ^ 

2, Constant Gould Sludge Age Control 
3^ Constant F/M Control 

4. 'Constant MCRt Control ' . , 

5. Sludge Quality Control 

* Developed on the basis of those treatment plants 'which ^ere visited 
during development of the manuai.'^ 

Constant MtVSS Control ' ^ 

This technique for process control is tfsedvby many operators because It 
is simple to understand andHnvolves a fliinimum amount of laboratory 
control. The MLVSS control technique usuallytproduces.good quality 
Affluent as Jong as the incoming wastewater o'haracteristics are fairly 
cdTistant with minimal variations in influent floyvVates, , , 

With ^Ris technique, the operator tries to maintaHTTa constant MLVSS 
concentration in the aeration tanK'to treat thd incoming wastewater 
ocganic load. To put it in simple terms, if it I& found that a MLVSS concen- 
Iration of 2000^ njg/l produces a good quality effluent, the opefator musi. 
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waste sludge? from the process to niaintain that concentration. If ttipe 
MLVSS level increases above the desired concentration, more sludge rs 
wasted until the desired fevet is reached again. 

The laboratory control tests and operational data involved in using this 
technique include the fpllowing: 



MLVSS concentration 
RAS VSS concentration 
Influent wastewater flow rate 
Volum^ otaeration tank 



Whether a new plant is being started or the operation of an existing plant 
is being checked, this control technique is used, to indicate v^en activated 
sludge should b6 wasted. In most cases tt is not theimost reliable tech- 
nique because it ignores process 'variables, such as F/M and microorganism 

* growth rate necessary for maintafning^optimum sysjlem i^alance. When 
operational prd^bi^ms oc^cur^the operator is unable to make rational pro^ 

( ' c^?s adjustments due to the lack of process control data. 

( , * . * . < 

The controt technique is implemented by choosing an MLVSS concentra* 

tion which^ produces the highest quality effluent while maintaining ^ 

stable and economical operation* WAS flow rates are determined as follows: 

♦ 

Bxampte Calculation . ♦ 

. A. Data Required 

M. SI1, Desired solids inventory in aeration tankjbs := 20,0^6 • 
^y*^* Sl2^Currentsolidsinventoryinae[ation.tankJbs - 21,7^6 
3. RAS concentration, mg/l := 6200 ' 

B. Determ|nesptidge to wasted per day from RAS system. 

Sl2'Sli , ' . 



RAS x«,34 lbs/gal 

1 21716- 20,0;I6 
6200 X 8.34 

' 1700 * * 



^708 
v=*032 



^ *Refer to Section 2*03 for solids Inventory calculatiope ii^aerati^JS^^k*, 
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Con&tant Gould Sludge Age Control ^ j 

Thd concept of sludge age Is based on the ratio of the Ibs/dSy of Influent 
wastewater suspended matter to the solids Inventory In the aeration tank. 
Gould flrs^ developed the sludge age for use in thefallmans Island Treat- 
ment Plant in New York City. Jhus, sludge age^Js also known as the 
Gould Sludge Age (GSA) and H should not. be'^conf used with the MGRT, 
TheGSA rsbased'^n thd assumption that the I'atlo between the BOD and 
suspended o^atter is fairly constant In the wastewater,. Dlftlcultles are 
commonly experienced using the GSA control technique when the BOQ 
to solids ratio In the wastewater otianges, The (sSA ranges from 3 to 8 
days in^most activated sludge plants. The control t^chnfque Is accomplished 
by wasting sludge to maintain a constant-GSA which produces the best 
effluent quality, It is determined as follows: 

Bxstnple CelculaUon 



A, Data Required' ' , 

1. Influent wastewater or primary effluent suspended matter 
concentratlonfmgj ^ 100 

2, ^Q, Influent or^rimary effluent flow.rate,mgd ^ 7,5 ' 
*3. SI, solids inventory \t\ aeration tank, lbs - 20,u16 

8. Determine Gould Sludge Age !n days. ^ ^ 

SI 



. GSA, days = 



(pri. effL mg/f) (Q mg/l) (8.34 f bs/gal) 
20,016' 



(100) (7.5) (8.34) 

„ 20,016 
6255 

= 3.2 . 



i 
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WAS flow rate using the GSA control technique Is determined as follows: 

Example oahuf^ilon 
Date Required 

/ ' 1. DesiredGSA, day = 5 

2. Influent or primary effluent suspended matter, tbs'per d^y 
(from above calculation) = 6255 
SI, Solids Inventory In aeration tank, lbs =^ 33,()75* 

4. RASss concentration, mg/l = 6300 

B, Determine desired pounds of MLSS to be maintained in aeration 
'V tank at a 5 day GSA, 

MLSSVIbs desired = GAS x Prl,effL, lbs/day 

= 5 X 6255 ^ 



■ = 31,275 

C. Determine WAS flow rate to mainfain desired GSA. 
SL-K/ILSS desired 



QWAS. mgd = 



RAS X 8.34 IbS/^al^ 



_ 33,075 -31 ,£75 
6300 X 8.34 

1800 



52M2 



= .034 



*Refer*toSectioii2.03* 



profMf orgar^lc 



Food maasur«d 
f-byCOOorSOD- 



Foodapptlod. 



Constant F/M Control 

Constant F/M control Is used to ensure that thj& activateotsludge process 
Is being loaded at a rate that the rriicroorganisms [n the MLSS are able to 
utilize most of jhe food supply in the wastewater b^ing treated. If too 
much or too (itfle 'food Is applied for the arpount.^of' microorganisms, 
operating problems may occur and the effluent quality may degrade. 

There ato four things that should be remembered about the F/M. \ 
. t The food concentration lo estimated with the COD (or BOD) tests* 
The oxygen demand tests [j^ide crude but reliable approxima* 
tlons of the actual afnount of COD removed by the microorganisms. 
2- The amount of food applied 1^ important to calculate the F/M. 
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F^M bt8«d on 

MLvSSmd not 
ML8S. 



Utf 1i¥« dty 
calculate FIM. 



Ttblf IMO, 



The quantity of microorganisms can be represented by tlie Quantity 
of >^LVSS. IdSdDy, the living or active microorganisms would y 
simply be counted, but this ]s not feasible, and .studies have/ 
shown^that the MLVSS is a good approximation of the micro* 
organisms concentrations in the MLSS. * . . 

The data obtained to calculate the F/M should bl^^sed on a five 
day moving average. 



The range of organic loading of activated sludge plants is described by 
the F/M. The three ranges of organic loading are conventional, extended 
aeration, and high rate. These ranges have been sh^wn to produce actl* 
»"ated sludge that settles weir ^' 



Table 11*10 presents the ranges of F/M that havt? beertxtsed successfully 
with the three loading condHions. The F/M values shown are expressed in 
terms of BOD, COD and Tot^ Organic Carbon, (TOC). The TOC is an 
additional means of estimating organrc' loading. The values indicated are 
guidelines for process control, and they should pot be thought of as 
minimums or maximums. ^ ^ 



TABLE rMO 



TYf^lCAL RANGES FOR F/M LOADINGS 



Conventional 
AS Range 
. F/M 



Extended 
Aeration 
- FVM 



A 



BOD 0-1 *o0.5 0.05 to0.1 

C0D(1) 0.06to0.3 0.03to0.06 

T0C(2) 0.25 to lis 0.1 toO.25 , 

(1) Assumes BOD/COD for settled wastewmers = 0.6 

(2) AssumesBOD/TOCforsettledwastewaters = 2.5 



High Rate 
Range - 
F/M 

0.5 to 2.5 
0.3 to 1,5 
1.5 to 6.0 



The F/M is calculated from the amount of COD or BOD applied each day 
and from the solids inventory in the aeratlon^tank. Reler to Section 2.03 
for solids inventory calculations. 
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Hmvto 



fOlutlontof / 
FiM Cflculatlof/ 



St«p*by*«tep. 



Example Calculation 

A* DataRsquirsd - 

1., COD or BOD concentration In wastewater applied to theaera* . 

tiontank,mo/l - 100 ^ , 

2* Q^nfluentof primary effluent flow rate, mgd s 7*5 
3* SI, Solid Inventory In aeration tank, lbs = 21,017 

B, Det^ermlne-the F/M ratio expressed as pounds cOb or %0D applied ^ 
*per pound MUVSS, ''^ * 

^ (BOD/mg/l)(Q,mgd)(8>34 lbs/gal) 
"i Sh * 



(100) (7>5) (8.34) 
" .21,017 

^ 6255 



21,017 
= 0.297 



1 



Figures 11*5, ll'6, 117 can also bi ,used tq calculate the F/M as determined 
In the above example problem. These figures are for plG^nts havinq average 
Influent flows of up fo 5, 10, and 50 mgd. The following tllustratlon will 
show how to determine the F/M ratio with these figures* Data from Figure 
Iheisysed: ' . , . ' 

Use tho figure with a maxlmunrr flow range near the flow In your 
plant. In this case use Figure ll>6, which has a maximum flow of \' 
10'mgd, which Is the most accurate curve for the flow of 7.Smgd. 
Referring to Figure 11*6 

• Find the flow, ^ 

• Draw aJine vertically to the BOD or COD applied 

• Draw a line parallel tqlhe bottom axis to 
t Intersect the MLVSS tine * 

• Draw a tine vertically downward to the Factor 
Dtvtde the factor by the aeration tank volume 
The F/M is equal toi 



lbs BOD Applied/day 
, lbs, MLVSS . 



7.j5mQd 
lOOmg/l 

2,000 mg/l 
0.37 

1.26 mJI gal 



The F/M Is essentially equal to the F/M calculated prevl6usly. The differ- 
' ence between 0.29 and 0*237 Is not significant.. 

* The use of Figures 11-5, II 6, 117 Is strongly recommended: Thd ftgureecan 
be'made to reqd F/M directly for an Individual plant by multiplying the 
factor by the aeration tank volume and writing a new values In plAceof the 
factor. The use of a clear plastic sheet' to cover the figure and aorayon like 
marker will extend the life of a particular sheet. Additional sheeU can 
also be printed from the original. 




10 ■') 9 



F/H CALCULATIONS 
FIGURE II 



l06 



^0 



ERIC 



AcnvATED Kludge process 

fECTldN ll'PRDCESS CONTROL 



The determination of WAS flow rate& using the constant F/M control 
technique Is calculated In the same manner as for the constant MLVSS 
and Gould Sludge Age techniques. However, the soltds Inventory for the ' 
aeration tank can be more logically determined based on the COD bc^BOD 
iconcem ration of the wastewater to be treated when using the F/^^^J^ 
process control. This is determined as follows: 



Kottf to 

MlSS^mgil 

nMd«dtorth» 

d«eIr#<tF/M* 



Bxampte Catcutatlon 

A. Date Required ^ 

1. Desired F/M = 0,29 

2. CODorBODconcentratlon^^mg/l =^100 

3. Q.lofluent or primary effluent flow rate^mgd =: 7.5 

4. QAt Aeration tank volume mg = 1,26 

5. Percent MLVSS^* 70 

B. . Determ ine pounds of r^bVSS for deslrecf F/M. 

MLVSS lbs - <BQD'rRg^lUQ.rR9d)(8.34 lbs/gal) 

F/Mdestred 

_ (100) (7^) (8.34) 
0.29 * 

_ 6255 



0.29 



= 21,569(equal to approx. 2000 mg/l of MLVSS) 

Determine MLSS mg/l required )n the aeration tank If 
the MLVSS Is 70%. 

Ml qqrn^l MLVSS. lbs 

nflLoomg/i (Q^(% MLVSS) (3.34 lbs/gat) 

21589 



(1.28) (-7) (8.34) 



^ 21^69 
7.35 



=: 2931 



umlwIthMCRT 
control 



The F/M control technique for sludge wasting Is best used in conjunction 
with the constant MCRT control technique. Control to a constant MCRT Is 
achieved by wasting an amount of the aeration tank solids Inventory 
v^hlch in turn fixes or provides a constant F/M ratio. 



lOS 
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'•mount of 
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Conetant MCRT Control 

Current technology considers MCRT to belhe beet process control tech- 
nique available to the plant operator. By using the MCRT, the operator c^n 
control the organic loading (FIM), In addition, he can calculete theemouht 
of activated sludge thet should be wested in a logical n^anner. It Is recom- 
mended that operetors become femlllar with the use of constant MCRT 
control. 



of •oll^«. 



MCRT control* 
typtof 

mforoorQtnltni* 
In proott*. 



Basically, the MCRT expresses the everage time thet e microorgenism 
will spend In the activated sludge process. The MC^T, value should be 
selected to provide the best effluent quellty, This value shouldxorrespWd 
to the F/M loading for whlch«the process Is-designed. For example, a 
process designed to operate at conventlona! F/M loading rates may not 
produce a'hlgh quality efriuent if it is operated at e low MCRT because the 
F/M may be too high for Its design, Therefore the operator must find the 
best MCRT for his procoss by reletlng It to the F/M as well as the effluent 

CODp BOO and suspended matter concentretions, ' 

♦ 

The MCRT also determines the type of microorganisms that predominate in 
the activated sludge, b^use It hets a direct influence on the-degree of 
nitrlflcetlon whichrmay occur In the process. A plant operated at e longer 
MCRT of 15-20 days will generally produce a nitrified effluent. A plant 
operating with en MCRT of S-10 deys mey not produce e nitrified effluent 
unless westeweter temperatures are unusually high. Table 11-11 presents 
the typical range of MCRT values thet will enable nitrification et various 
wasteweter temperetures. Thei/alues showOeve been used successfully 
to produce nitrified effluents at numerouf^nts. ' ' 

TASLE1H1 



MCRT NEEDED TO PRODUCE A NITRIFIED 
'EFFLUENT AS RELATED TO THE TEMPERATURE 



Temperature, *C 

10 
15 
20 
25 
30 



[ViCRT, Days 

30 
20/ 
1^ 
10 
7 
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MCRT& 
t»mp«Ft1ur» 
can Indicate 
nltrtflcttlon. 



Howto"" 
c«lcultt9MCRT 
andtfi»WAS 
btMd on MCRT. 



K As stated earlier, MCRT expresses the average time that a microorganism 
spends In the activated sludge process: The MCRT and the WASJIow rate 



for maintaining a constant MCRT is determined as follows: 



Example Catcutatton 

A. Data Required 

-1. SI, Solids inventory in aeration tank, lbs = 21,017 
"' 2. RASvss concentration, mg/t = 7500 

3. QWASi assumed WAS is fro'm ras system, mg*d = 0,030 
.4. EfflvSSi Effluent volatile suspended. matter concentration, 
mg/1 = 12 

5. Q,Pl5ntflow,mgd = 7.5 

6. Desired MCRT, days s 7,5 



B. Determine MCRT in days 
MCRT, days = 



SI 



((RASvss X QwAS) + (efflVSS X Q)] 8.34 Ibs/gal 

21,017 

((7500 X 0.03) + (12 X 7.5)] 8.34 ' 

21,017 



(225 + 90] 8.34 

21,01^ 
315 X 8.34 



21,017 
2627 



= 8.0 

C. Determine WAS flow rate to rnaintain MCRT ot 7,5 days. 

SU 



QwAS, mgd = 



(MCRT desired) (RASyss) (8.34 lbs/gal) 

21,017 
(7.5) (7500) (8.34) 

^ 21,017 
469,125 



0.045 
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Section ii- process control 




given: 

0*7^ Aigd 
MLVSS it 3.000 mg/'l 
MC?tT DAYS 

ACRATIOH VOLUME t lr7« mi ^ 



WAitc Vlcw r^ACTon » o-oja 

^WAS 'WASTC PLOW FACTOR tVOL 
QyA5 ■'U^U'^ mgd ^ 



WASTE ACTIVATED 
SlUOSE CLACULATIONS 
FIGURE 1 1-9 
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Wlwt<fd«« all 
cilculttlorf^ 



Gr«phlcil 

totutlcKi ^or 
WAS. - 
^lcul«tlon&. 



o 



This means that for the next 8 days approximately 45»C00 gallons per da)^ 
should be wasted from the RAS system. 'However, the WAS flow rate 
should be determined and adjusted daily to maintain the desired MCRT. 

Figures ||*S and 11-9 present^ graphical t€:hnique for making WAS flow 
rate calculations fpr maintaining a constant MCRT. These figures are 
identical except the Figure 11-8 excludes the volatile suspended matter 
contain^' in the effluent. This is done because some operators feel a very 
low amoinn of soilds in the effluent does not significantly^ effect the- 
MCRT while others do. Figure 11-9 includes the correction for effluent 
solids. 

The following illustration will show how to determine the WiC^fiow rate 
with these figures. ' ' ^ 



Referto FIgurell-a . 

• Locate the MLVSS concentration for your plant 
intheMLVSSaxis.^. 

Draw a line that is parallel to the bmJ vertical 
axis. Stop at the sloping bold line. 

• Proceedlferallel to the MLVSS axis to the MCRT 
being used for operation. 

• Note that the MCRT values range from 2.5 to 

20 days, in 1 day increments up to 15 days and 2.5 
day increments up to 20 days. 

• Draw a line parallel to the bold vertical axis and 
intersect the VSSwAS for your plant. Note that 
the concentrations are shown in increments of 
500 mg/l with a range of 500 to 10,000 mg/l. 
Thus these figures can be used for calculations 
involving wasting from the RASpr the mixed 
liquon In Figure 11-9 when you get to the effluent 
factor axis, deduct the lbs/day solids in the 
effluent then proceed to the VSSwAS for your 
plant. ' 

• At the intersection with the VSSwAS ''ne, draw ^ 
a line parallel to the MLVSSakis. Read the value 
indicated on the axis labeled waste flow factor^ 

• Now multiply the factor by the aeration tank *^ 
volume of your plant to determine the-V^S flow 
rate ^\ 

A. 



2000 mg/l 



7.5 days 



7JG00 mg/l 



:= 0.035 



0.044 mgd 



This value of QwAS very close to the value calcu/atd^0 in the example 
problem. The u^se c^fheae figures iS'a convenient and a(^grate method 
for calculating the WAS flow rate. 
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, SludQG Quality Control ^ 

The sludge qqality control method for process control may be used Inde* 
pendently or In^ conjunction with other control methods presented In this 
section of the manual. , . ! 

The control program Includes the following laboratory tests and observations: 

♦ 30'minute sludge settleablllty test 

* Measurement ot sludge blanket depth 

• MUSS concentration by centrifuge test 

♦ RAS concentration by centrifuge test * 

* Secondary^fftuent turbidity 

♦ h/flcroscopic examination of MUSS 

♦ Aeration tank obsen/atlons \ 

• SecoKdary clarifier obsen/atlons 

t- * 
The data obtained from the contnDl and monitoring tests are plotted on graphs 
' against time. These da^a trend plots are based on 5*da/moving averages and 
are utilized for making control adjustments to optimize process performance. 
The overall objective of this control method is based on maintaining an 
activated sludge quality whlc^ produces the best effluent. 

The contnDl tests (depth of blanket, settleometer and centrifuge, etc), nomen^ 
clature and many process r-Plationship calcul^tions are those proposed by 

Mallory in the 1940*s. The following procedures to determine the required 
Interrelated process contnDl adjustments were 'evolved by West: 

,West claims thajl bestproc^ss performance depends upon satisfying all 

interrelated proces,s requfre/nents simultaneously; not by exclusive 

dependence Opon any single or preconceived factor 

. A series of EPA pamphlets, entitled ''Operational Control Proc'ddures for the 
Activated Studge Process,'* describing these pnDcedures have been developed 
by the Operational Technology Branch {formerly NFIC-C) of the Municipal 
Operations and Training Dtvisionp Cincinnati, Ohia Simpttflcation of these 
procedures \^/ere prepared by Owen K. Bee of the EPA Region VIK Office, 
Denver, Coloradoftria paper entitled "Activated Sludge Controlwitt) a Settle* 
meter and Centrlrug^," The following procedures are derived from the above 
publications. i < ^ 

Mass Balance by Cei[itrlfuQe 

The centrifuge test is used to measure sludge concentration because It 
saves tfme over the i^egular suspended solids test. When sludge separates 
in the centrifuge, the Amount Is measured as a percent of the totat volume. 
The centrifuge tube is calibratedfrom 0 to 100 percent. 

A sludge unit system has been developed to express the results of the 
centrifuge test in a simple* and meaningful nianner. In order to know how 
this system works, we need to know how mafty microorganisms are In the 
aeration tank. A representative^ ^ampte is taken from the tank and Placed 
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into the centrifuge. A 15 minute spin reveals that the level of separated 
slutfge js 1,0 percent of the volunie In the centrifuge tube, However, before 
the microorganisms measured can bb compared to the mjcroorganisms 
in the aeration (anK we must have a sysfem to calculate this quantity. 
Looking at our aeration tanj^ system we see that the centrifuge reads 1.0 
percent and the tank volume is 1.0 MG (mHllon gallons). Therefore, this 
qiiantlty^of microorganisms is defined as 1.0 sludge unit, or as shown In 
the formula: ' ^ - ' , 

^ .1.0% X 1,0 MG = 1.0 5ludge Unit 

f * J- * H * 

NOTE: It should be noted by the reader that the centrifuge results are 
recorded in percent; h'owever, the decimal percent expression is disre^ 
garded in order to simplify the calculations. 

To understand how this system works, let's look at a couple more examples: 

1. Suppose the same aeration tank had twice as many microorganisms 
present. Now, when we run the sample on the centrifuge we find 
that the separated slodge reads 2.0%. Now, the sludge units are 
calculated to be; 

2,0% X 1 MG ^ 2 Sludge Units^ 
which shows twice asman^ microorganisms as before. 

2. Let's also consider what would happen if we had two aeration 
tanks Instead of one. If both aeration taoks had a reading of 1 
percent sludge, then the sludge units would calculate to: 

^ ' 1st tank *1% X 1 MG = 1.0 Sludge Unit 
2ndtank*1% x 1 MG ;x I.OSIudge Unit 
Total Sludge Units = 2.0 " ^ 

■t - 

We now have a system which can be used to measure the quantity of 
microorganisms in the plant which only involves two numbers. The first 
number is the percent reading taken froni the centrifuge and the second 
number is the volume of theaerMion tank (in million gallons). Since the 
volume of the tank usually stays the same, all that Is needed to determine 
the quantity of microorganism? is a reading from the centrifuge, and this 
reading only takes a few minuter to determine. 

If we wanted to, we could convert the sludge units to pounds of sludge. 
All that is needed for this is to run suspended solids (SS) test and a spin 
test on the same sampte. For the previous example, which had a spin of 
1%, the SS were found to be 1000 mg/l. This gives a spin ratlQ of 1000 
mg/l/1 %. To calculate pounds, use the following formula: 

lbs ^ % spin X spin ratio x 8*34 x Vpl (million gallons) 

So, as in the previous example where the tank volume was 1 r/G and the 
spin ratio was 1000 mg/l/1%, we have: ^ 

lbs = 0%)<1000 mg/l) ^ (8.34 lbs) (i mg) 
1% / gal / . 

Therefore: 

^ lbs = 8340 lbs ^ ' 
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The sludge unltiystem may sound a little different at first and may sound 
like more work-, but It actually provides the plant operator with a tool that 
can be used over and over and In many differdnt ways with relatively little 
time Involved. Also, as will be shown later, the use of these units and data 
obtained from the settleometer provides the operator with very useful 
data for controlling return sludge ratds, 

Some goba examples of how the centrifuge and the sludge unit system 
may be used for process control and evaluation ere described below, 

1. Aeration Sludge Units — ASU 

This Is a measurement of fhe amount of sludjje found In the aeration 
tanks. ASU's are calculated by multiplying the aeration X^nk volume In 
millions of gallons (AVG) by the dally average aeration tank concentre* 
tlon (ATC), The Aeration Sludge Unlte^are determined as follows: 



Bxmpt0 Catcutaiton 

A. Data Required % 

t AVG =i Aeratlonvolume,mltt)ongallons =: 1.0 
\ 2. ATC ^ Aeration tank Cone, % ^ 3.0 

B: Now deterrhjne the Aeration sludge Units. 
ASU (AVG) {ATC) 

!r 3 units 



2* Clarifier SJudgs Units < CSU 

This le a measurement of the amount of eludge found In the clarifier. 
CSU'e are calculated by multiplying the volume of sludge In the 
clarifier In millions of gallons (CVQ) by th^ average concentration of 
^ the sludga In^ihe clarlflen The Volume of sludge In the clarifier Is 
found by finding^lie fractloh of the total clarifier volume that Is filled 
" With sludge. 

The volume of sludge Is determined by the following fofmula'and'defining 
CVG es volume of clarifier and-DOB as the measured distance from the^ 
water surface to thotopof the sit/dge blanket. Therefore: 



Sludge Volume =:| A^verage depth^of Qlarifier* DOB 
Average depth of Clarifier 



The average sludge blanket Concentration is found by assuming the con< 
centration at the top of the blanket Is equal to the aeration tank concen- 
tratlon (ATC) and the conoentr^tton at the bottom of the bjanket Is equal, 
to the>eturn^$iudse concentration (BSC). These assumptions are made 
sincere know the sludge ts compacting at the bottom of the clarifier, but 
we can't really measure the average concentration. The average Concen* 
tratlon is then assumed to be: * 
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Average Sludge Concentration a^^^ ' 

2 

Now In order to ftnd the total clarlfler sludge units, muftlply the percent 
studge by the average sludge concentration. Clarlfler sludge units are 
then determined as follows: 



Example C^tculatlon 

A. Data Required 

1/ CVG = Clarlfler volume, million gallons = 070 

2. ATC = Aeration lank concentration, % = 3 

3. RSC = Return sludge concerltratlon, % = 12 / 

4. DOB = Depth of sludgo blanket, ft. = 8 

5. ACD = Avewfge clarlfler depth, ft. ==10 ^ 

B. Determine the volume of sludge In the clarifier. * 

Sludge Volume = (ACD>DOBUGVG -r 

ACD 

(10-8)070 

10 \ 

= <0.2}<070} *v. 

0.14 

C. Determine the average kludge blanket concentration. 

Average Sludge Concentration r^-^I^JL^SC 

i 2 

2 

= V,5 

D. Now determine the Clarlfler Studge Units. 
'^SU = {Sludge Volume) (Average Sludge Cbnc.) 

= (0.14X7.5) ■ . . 

^ 1.05 units 

'Perform the cafculations within parenthesis first. 

3. Total Sludge Units -TSU , . 

This is the measurement of the total amoufiif of activated sludge In the 
system. The varying amounts of sludge In the clarlfler are included in 
this measurement* ■ ^ ^ 
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/ 



Total sludge units are determined as follows: 

^Example Calcutation 

A. Data Required * 

1- ASU = Aeration siudgeunit =: 3.0 
2. CSU = Clariffer sludge unit ^ 1.05 

B. Now ^etermine the total sludgy units. 
" f TSU = ASU + CSU ^ 

= 3.0 + 1.05 
= 4.05 units 



4. Return iSludge Units— RSU , - ^ 

this is the measurement oAhe daily average of sludge units returned 
from the clarif ier to the aeration tank. 

The return sludge units are determine</ as follows: 

.i 

Bxampta Calcutatton 

* 

A* Data Required * S 

1. RSC = Averagereturnsludge concSitration, % = 12^ 

2. RSF = Average return sludge flQW,mgd = 2 ; 

B. Now determine the return sludge units. ^ 
RSU = (RSC)(RSF) 
= (12)(2) 

' \ 

~ 24 units/day / 

/ 

5. Clarif ier Sludge Flow Demand — CSFD 

Assuming that the sludge settling concentrations* (SSCt) determined 
in the settieometer test relate to the return^tfdge concentration (if 
the sludge had stayed In the clarif Ier for th^me length of time), the ■ 
required return sludge flow rate can be determined as follows: r 
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Example cjcutation 

A. Date Required 
1. Q ;= Plant flow rate, mgd =-4 - ^ 
2^ RSF - Refurn sludge flow, mgd ^ 2 
3' RSC = Return sludge concentratlors*!S^= 12 
'4, ATC = Aeratton tank concentration, % = 3.0 

^5. SSCqo = 60 minute sludge settling concentration, % = 10 

* S SCh= (Aeration tanl^ cone, %)(1000mUI) ^ 
Siudge settling voiumet, ml/1 ' ^ 

,t = time 

B. Now determine the clarif ier sludge flow demand. 

^gpp J (RSF)(RSC-ATC) 

SSCt-ATC ^ . 

, (2) (12 -3) 
7 10-3 ■ 

^ (2) (9) 
7 . 



=^ 2.6 mgd ^ 

Therefore, the return sludge flow rate should be increased from 2 to about 
^.6 mgd The sludge bianl^et depth measurement in the final clarifjer 
should be taken into consideration before making any changes in the 
return sludge flow rate. 

Some trial and erroN^justments^may be required using the sludge blanket 
depth measurement afei fae final guij Jg^"- 

In general, th& following rules of thumb can be applied wheO comparing 
the return sludge concentration (RSC) to the 60 minute and 30 minute 
studgesettlin^concentration(SSC): 

« If the RSC is greater than the SSCgOi increase the return sludge 
rates. 

• If the RSC is less than the SSC30, decrease the return sludge r^tes. 

Like all rules of thumb, other plant conditions have to b€r 6onslderad, 
such as flexibility in the return sludge system, clarifier sludge blanket 
depth measurements, aeration detention times, etc. 



ACTIVATED SlUDGE PROCESS 
SECTION Ih PROCESS CONTROL 



6. Waste Sludge Units *WSU 

This is the measurement^of the total quantity ot sludge wasted from 
the system each day. Sludge wasting can occur Intentionally by purrip* 
"ing sludge to a digester or It can occur unintentionally by being carried 
over the clarlfler weir^. Usually the amount of sludge lost, over the 
ciarlfier weirs fs small In cpmparlsph to that which^ls intentionally 
wasted. However, to check this out or to measure the quantity of the 
sludge unit system, we can make use of the spin ratio. 

Effluent sludge units {ESU) are calculated by measuring the total sus* 
pended solids In the effluent, dividing by the spin ratio, and multiplying 
by the plant dally average flow. Therefore: 

[-gy ^ (TSSXFlow) 
Spin Ratio 

Intentionafsludge wasting (XSU) ts calculated by taking the dally average 
cbnceniration of sludge wasted (WSC) and multiplying the volume (In 
million gallons) of sludge wasted {WSF). Therefore: 

XSU ^ WSC X WSF . 

The total sludge wasted (WSU) !s then determined by adding the effluent 
sludge units to the intentional sludge units. The total sludge wasted units 
are determined as follows; 

\ 

Example CafoufaUon 

A. DataRequlredV 

1. TSS = Total suspended solids in ctarifier effluent* mg/l = 30 

2. Flow = Plantdaily average flow, mgd =4 

3. Spin Ratio = Suspended solids cone, mg/l/centrifuge sludge 
cone*, % = 1000/1 

4. WSC = Averagewaste sludge concentration, % 15 

5. WSF = Average waste sludge flow, mgd 0.05 

B. Determine the effluent sludge units. 

^ ESU = t'''SS)(Flow) 
Spin Ratio 

1 



= M(il=(30)(4) 
1000/1 1000 

i 

= 0.120 units/day 

Determine the units of sludge Intentionally wasted. 

) 

XSU = (WSC) (WSF)* 
= 05) (0.05) 
= 0.75 units/day 
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D, Now determine the totel sludge wested* 
WSU ^ ESU + XSU 
= 0*12 + 075 
^ 0S7 unlts/dey 

Sludge westing Id reguleted on the besis of maintaining e "normal eet* 
tling*', good quelltV sludge es meesured by the settleometer and on the 
besIs of visual observetlons of the eeretlon tenK and clerlfler surfeces* 
The following Is e summary df Sludge W^ste Control 

Sludge westing should normally be started, or Increesed, if end when: 
a* Mixed liquor settles too rapidly In the settleometer end SSCeo' 

rises signiflcently above 20* 
b. *'Ash" or "clumps" start rising to theflnal ctarif ler surface, 
c* A derk*brown, scummy foem appeers on the aeration tank surfeca 
d* A sludge bianKet, composed of good quellty normelly settling 

3ludge, rises too nlose to the clarlflGr water surface* 

Sludge wasting should be reduced, If end when: 

a* Mixed liquor settles too slowly In the settleometer and SSCgo 

values fell to 10 or less* (This will normally be accompenled by a 

rising clerlflersludge blenKet.) 
b* Lerge billows of white foam start forming on the aeration tank 

surfeca 

'SSC60 " (Aeration tank cone*, %)(1000 ml/1) 
Sludge settiing volumego* ml/1 

Changes In the wasting rate should be made a little eech day (10 to 15 
percent per dey), Since sfudge quellty responds slowly to procese control 
chenges (usually about thrae dayii after the adjustments ara made), 
process control chengea should not be mede rapidly or Irregularly* 

About a week Is usually required following the control adjuetments before 
the trend In the process response can be positively confirmed* And finally, 
two to four weeks before the biological process eteblllzes* 

7* Sludge Age* Age 

Sludge Age or mean cell residence time (MCRT) hes been used by 
many authors as an operaticnel tool, The purpose Is to define en 
everage time thet activated sludga steys In the ptant* To find sludge 
age we need only to divide the total sludge units by the totel sludge 
wasted perday* 
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This may be calculated as foHows: 

Example Cs/ca/aUon 

A. Data Required 

1. TSU = Total siudse units In system = 4.05 

WSU Total sludge wastediunits/day = 0*B7 ' 

B. Now determine ll^e *iludge age. 

wsu 

0,87 
= 4.7 days 

In the Sludge Quality method of process control, conventional parameters 
such as F/M and MCRT are calculated for monitoring and comparative 
purposes; but are not used as control parameters, 

a Sludge Detention Time In the Clarlfier > SDTc 
This is a measurement of the average time that the activated sludge 
actually spends in the clarlfier at any given ^tlme, SDTc Is found by 
dividing the clarlfier sludge units by the average dally return sigdge 
units and multiplying by 24 hrs/day to obtain the time in hours, 

Ex3mpt0 CatcUlatton 

A, Data Required 

1. CSU = Clarlfier sludge unltsfday = 1.05 

2. RSU = Return sludge units/day = 24 

Now determine the sludge detention time in the clarlfier 
gp^^, ^ (CSU) (24 hrs/day) 
RSU 

. ( 1>05)(24) 
24 

- 1,05 hours 



Studge detention time in tlie clarlfier should be greater than 30 minutes to 
provide time for compaction. Any time less than 30 minutes will usually 
require a high return rate which will reduce the sludge detention time in 
the aerators. (See discussion of SOTa, No. 9 below.) The studge detention 
time In the ciarifiar should be lesb than 60 minutes to preserve an ^'active 
biomass'*. 
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9. SMge Detention Time in the Aerator- SDTa 
This Is the measurement of the average time the activated sludge 
actually spends in \\\e aerator mixing with wastewater. The sludge 
detention time affects the efficiency of the organijsm^ to absorb and 
make use of the BOD by changing the contact time with the BOD. A 
comparison of sludge, detention times In the aeration tank to the 
clarifleralso provides Important infomnatlon for controlling sludge 
quality. The operator can control or change his sludge detention times 
by ch^figlng return rates. . 



A rule of thumb has been developed which relates the^udge detention 
time In the aeration tank to'the detention time In the final ctarlflen 



This rule of thumb is based on observations of sludge quality In various 
plants where It has been noticed that as SDTa becomes closer to^QDTc, 
that sludge quality is much more difficult to control 

Tank design, especially In some complete mix piani^, may limit the ability 
of the^opei'ator to control this ratio above one, buf>hls still should be a 
goal of plant operations. ^ 

SDTa Is found by dividing the aeration sludge units by the sludge units 
being sent to the clarlfler per day, and multiplying by 24 ^day* Th6 
sludge flow to the cIstrlHer Is found by adding the plant fl . (Q) to the 
return flow (RSF) and multiplying by the aeration tank concentration (ATC). 

The sludge detention time In the aeration tank Is determlnea as follows: 

Sxampfo Ca/cu/af/on 

A. Data Required 

t ASU ^ Aeration Sludge Units - 3*0 

2. Q = Plant flow rate, mgd ^ 4 

3. RSF SI Return sludge flow, mgd = 2^ 

4. ATC rs Aeration tank concentration, % = 3.0 

B, Now determine the sludge detention time In4he aeration tank. 



^ (ASU)(24hrs/day) 
(Q + RSF) (ATC) 

^ (3*0) (24) 
(4 +2) (3.0) 

= 4 hours 





SDTa 
SDTc 



= value must be greater than 1 
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Settieometer - ^^^^^ 

The settieometer (also called the sludge settleability test) is the key 
Indicator for observing sludge quaHty. Diligent use of the settieometer 
can provide an experienceds operator with days advance warning of an 
impending disruption orchange in process control. This advance warning 
provides the operator with valuable time to mal^e appropriate process 
changes* The settieometer information can also be Instrumental when 
recovering from an unavoidable operational upset. 

in this case the advanced indicators can guide the operator through a 
series of process adiustmeots without wasting excess time waiting for 
results from process changes or without trying to make a major adjust* 
ment In too short a time. 

The two things an operator should look at when running the settieometer 
test are the floe formation and the blanket formation* Through experience, 
an operator will soon learn that within a Tew minutes he can detect certain 
characteristics which will describe the sludge quality, is the floe granular, 
compact, fluffy or feathe^? Dees the flOjCf settle Individually or does it 
first form a blanket? Is the blanket ragged and lumpy, or uniform on the 
surface? 

After the operator has looked at these characteristics he then should ' 
observe settling rates and compaction characteristics* Is the blanket 
settling uniformly, or are segments settling faster than others? Is 
blanket entrapping Ihe majority of the materia) orare straggler floe escap* 
ing? Is lite sludge compacting and squeezing out water, or i;s It maintaining 
a constant density throughout? 

♦ 

Observations such as these are important to the operator. They are not 
easily translated to numbers, so he should make appropriate notes on his 
data sheet for future reference* There are, however, nurfierical observa* 
tlons which can be made. Figure 11*10 presents a typical data sheet which 
can be used to record appropriate sludge settling parameters. Observa* 
tlons and recordings are made every 5 minutes for the first half hour, and 
then every 10 minutes for the second half hour. More observations are 
made in the first half hour to ensure that the operator Is taking the time 
to observe the floe formation and blanket Qharacteristlcs. 

If the operator also measures the concentration from the original aeration 
tank sample with the centrifuge (ATC) he can make some-fnformatlve 
cafculations fiX)m the data. 

The calculation of interest Is the conversion of the sludge settling volume 
. (SSV) to sludge settling concentrations (SSC) which Is determined for any 
given time(t) of settling as follows: 
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Bxampte OatcutaUon 
A. Data Required 



1, ATC = Aeration tank concentration, % = 3,4 

2, SSV(t) Sludge settling volume at any time, ml/1 = 680 (at 
30mln,) ' 

3, ' (i) = Length of time of settling, minutes = 30 

B. Now determine the sludge settling concentration. 



SSC(t) 



<ATC»1000 ml/I) 
SSV{t) ■ 



SSC30=z <^TC)n000mlfl) _ - . , 
' , 'SSV30 • 

_ ff.4)<1000) 

680 / f 

= 5% 

This means that after 30 minutes the sludge has settled to a concentra^ 
^tionof only5%. 

The sludge settling concentrations can be calculated for various times 
and plotted (a| shown in Figure lUH) corresponding to the time and day 
they were obl^rved. When several days of data have been plotted, a trend 
will have been developed whlQh graphically relates to the settling char- 
acteristics observed in the settleometer. Often, It is found that the 5 
minute, 30 minute, and 60 minute SSC's adequately represent the settling 
characteristics* 

T 

The 5 mrnute sludge settjing concentration is an indicator of the critical 
floe and blanket formation stage. Here the operator's observations and 
notes are very important for future reference. 

The majority of the settling occurs before the 30 minute reading, therefore 
the distance settled.reflects the settling rate of the sludge. For example, 
a 30 minute sludge settling volume of 200 v^^ould indicate a fast settling 
sludge, while a settling volume of 600 would represent a very slow settling 
sludge, * " ' 

The 60 minute sludge settling concentration ts Indicative of the level of 
compaction that can be expected from the sludge. Therefore, there is a 
relationship between tjiis concShtratlon and the concentration of the 
return sludge that is actually observed In the plant. These numbers will 
sgtdom be the same due to flow characteristics and other physical dif^ 
ferences found in the clarifiers. The Important criteria, however, is that 
the settleometer characteristics are reproducible for similar sludge quality 
characteristics. This then enables the operator to make some decisions 
on return sludge flows form settleometerdata. 
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A "normal s6ttllng*'-good quality sludge wlirconcentrate to a SSCgo range 
of about 12 to 18 In one hourandwpn't Settle any more after two hours. * 

A "rapidly settling" sludge Is an overo)(ldlzed sludQd thai will concentrate 
to a SSC60 range greater than ZO In on9 hour and won't settle any more 
after an hour. Rapjdiy settling studge Is often accopanied by such clarlfler 
problems as ashing or clumping. The corrective Mictions for these problems 
are described laSectlon I, "TROUBLESHOOTING". 

A "slow settling" sludge that only concentrates to a SSCeo of 10 or !eS8 
^nd takes 3 or 4 hours to reach fln^l settling and compaction llusuallya 
young sludge. A very young kludge may not Nettie at all during the first 

V 5 to 10 minutes, and may only concentrate t(^ between 700 and 900 m)/l 

Y during the first hour. Young sludge Isoften^QCompanledbyahigh sludge 
^ b|an1<et in the final clarlfler with an Jmqiinent danger of sludge bulking 
^nd/or^solids washout. The sludge wasting should be reduced to Increase 

the sludge settleability towards the "normal" range. The return sludge 
flow rate may need increasing to tower the blanl^et level. Corrective 
measures for this problem are presented in Section I, "TROUBLESHOOTING". 

* 

Studge settling rjafes^can be used by the operata to numerically relate 
one set of sludge characteristics to anotfier. These settling rates can be 
used by the operata to describe a rate of settling for which the plant' 
provides a good quality effluent. Generally this rate w^ll fail between 400 
and 1200. This corresponds to a 30 minute reading on the settteometer of 
400 toSOO^mitliliters. As mentioned before, this inforrtiation should always 
be accompanied by notes which relate to the more important, but no$ 
quantitative, data of floe and blanket formation. The sludge settling rate 
(SSR) *s the increase in sludge concentration per-hour and ie determined 
follows: 

Bxampio Catcutathn 

A. Data Required 

1. SSV30 = 30 minute sludge settling volume, ml/1 = 680 

B. Perform the following calculation to determine the sludge settling 
rate. 

gg^, (100Q-SSV30) 

0.5 hr. 

_ (1000-680) 
" 0.5 ^ 

640ml/l/hr. 

^ i 

^he turbidity of the clarlfler efficient, the depth of the sludge blanket, 
sludge settling rates, and sludge charactertsitcs (ffoc and blanket forma- 
tion) should be plotted on trend charts as shown on Figure 11-12 to help 
the operata In maintaining control of his facility. 
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visual Observationp \ ^ / 

A modest accumulation of light colored, orlsp-appearing foam on the 
aeration tanks is usually indicative of good operation. 

During good operation the f^nal clarifier effluen^t will be relatively clear 
with the sludge blanket in the lower half of the clarifier (generally 1 to 3 
feet). . ■ . 

I^or those observation^ that are indicative of operational problems, see 
Section J, "TROUBLESHOOTING*'. 

Turbidity 

Turbidity is a quick and convenient indicattoc^ of the activated sludge 
.process performance, A well performing activated sludge plant should be 
producing an effluent with a settled turfjidity of less than 3 JTU*s and, 
sometimes down to 1 JTU Turbidity measurements can also be used to 
measure the degree of severity of pin floe or othei solids. Short term v ;ria- 
tions due to these type problems may be attributable to hydraulic problems 
^ in the plarif ier rather than deterioration of the sludge quality. 



Deptii of Blanket 

Within he final clarifien a separation of the liquid and solids takes place. 
The soltds settle to the bottom of the clarifier while the clear liquid is 
displaced over the clarifier effluent weirs. If the settled solids are not 
removed from the tank at a rate equal to or greater than solids input by 
the aeration effluent flow, a blanket of sludge will accumulate until 
eventually the solids are washed out in the clarifier effluent flow.^ 

The location of the sludge blanket in relation to the clarifier depth may be 
determined by various types of devices— sortie are commercially,available, 
while others must be improvished by the operator. 

Determining the sludge blanket depth in the final clarifier In conjunction 
with other measurements, such as the plant flow, aeration tank concen- 
tration (ATC), sludge settling concentration (SSC),*and the return sludge 
flow (RSF) and concentration (RSC) provides valuable Ififormation that 
can be used tb control the return sludge flow rates. Additionally^, these 
measurements can be used to evaluate the operation of multiple uni^^, for 
Instance the sludge blar^ket depth in two clariffers operating in parallel 
(both receiving flow from same aeration basin) having equal return kludge 
flow rates should be comparable. If the sludge blanket in one clarifier was 
rising while the blanket in the other clarifier was fallin'gKrIt could be con- 
cluded that the aeration tank effluent flow was being unevenly distributed 
to the clarifiers. Depth of blanket measurements are important for an 
operator so he can have early warning to clarifier ma^unctlons and to 
problems associated with long storage times in the clarifier. An average 
value for each clarifier ts usually sufficient for process control, but 
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measurements should J)0 r^erlodically made at various locations In the 
clarlfiet to detect s^y localized problems. Coning or plugging of suction 
ports can lead to areas in theclarifler whefe the sludge blanket will build* 
A rising bt^nKet may indicate an inadequate sludge return rate, unbalanced 
distribution of 'aeration tank- effluent flow, inadequate sludge wasting 
rates, or a poorly settling sludge. 

Tfie presence of a poorly settling stujjge could be verified with the SSC 
value. To correct a rising blanket, the operator first determines the reasons 
by a review of the lab test results, operational logs, and process control 
parameters. After determining the possible reason for the increased 
blanket depth, the operator should then take the appropriate corrective 
measures. t 

the procedures for making the sludge blanket measurement are given In 
Section IV, "LABORATORY CONTROL"- 

Microscopic Examination 

Microscopic examination of the tA\J&S can be a significant aid In the 
evaluation of the activated sludge' pro^cess. The presence of various 
microorganisms within the sludge floe can rapidly indicate good or poor 
treatment. The most impcrtant of these microorganisms are the hetero- 
tropic and autotrophic bacteria which are responsible for purifying the 
wastewater. v * ' 



In addition, protozoa play an important role In clarifying the wajstewater 
and act as indicators of the degree of treatmept. The presence rotifers 
is al^o an indicator of effluent stabMlty. A predominance of protozoa 
(dilates) and rotifers in the MUSS is a sign of good sludge quality. 

Inversely, a predominance of filamentous organisms ahd ^ limited number 
of ciliates is characteristic of a poo: quality activated sludge. This condl^ 
tion is commonly associated with a sludge that settles poorly. 

There are many other organisms such as nematodes^ (worms) and watep 
borne insect larvae which may be found; however, tfiese do not signify 
icantly affect the quality of treatment. 
* 

The microorganism's which are Important Ho the operator are the protozoa 
and rptifers. The protozoa eat the bacteria and help to provide a clear 
effluent. Basically, the operator should be concerned with three groups of 
protozoa, each of which have significance In the treatment of wastewater. 
A discussion of these groups and the procedures for performing a micro- 
scopic examination are presented' In Section IV, '^LABORATORY CONTROL". 
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2*05 OPERATIONAL PROBLEMS 

This section of the manual discusses operational problems cdfnmonly ex- 
perienced in the activated sludge process. In general^ these problems can be 
classified by conditiolis which, the operator can see in the aeration tank and 
j * secondary clarifler* 

• AeraVonTank: 

1) Aeration Tank: 

2) Foaming Problems 

• Secondary aarlfler 

3) Solids Washout 
A) Bulking Sludge 
5} Clumping/Rising Sludge 

6) Clouding Secondary Effluent 

7) Ashing 

8) Pinpoint Floe 

9) Stragglers/Billowing Solids 



Corrtfctlont 
canb*mtd«by 

t JOQiClll 

tpproach* 



Th*30-fnlnut« 
stttllnotMt 
pfovld«94iU 
f Of pf obltm 
tofvlng. 



Correction of these problems can bo approached In a logical manner, by 
using sound operational control practices and by maintaining proper equip- 
ment operation. Troubleshooting procedures covering these problems are 
provided In an easy-top^foljow format In Section 1, "TROUBLESf^CJOTING/' 

The problems occurring In the clarifler can often be associated with observa* 
tlons made during tne SO^mlnute settleabiilty test. This test is used to indicate 
,the settling characteristics of the mlxecf^liqiior under controllsd conditions. 
Figures 11-16 , 11*20, and 11*22 present pictorial guides for interpretation and 
application of the various settling test obsarvations. The procedures for 
performing the settleabiilty test can be found in Section IV, "LABORATORY 
CONTROL," 



Aeration^ystem Problems (Refer to Figure 1M3) 



Why It ttratlon 
ImporttntT 



Uniform^ 
it»rtllon & 
mixing Is 
•ttontltl 



' Ptfform OiO* 
proflf#. 



Aeration and mixing of the MLSS Is essential to maintain the environment 
for the micrx;»organisms to remain active and healthy. In addition, mixing of 
the aeration tank contents Is necessary in order to bring these microorganisms 
in contact with all the organic matter In the wastewater being treated. 

Mixing in the aeration tank can generally be checked by observing the^tur- 
'bulence on the aeration tank surface. The surface turbulence should be 
reasonably unitprm throughout the tank, Doad spots and nonuniform mixing 
patterns will generally indicate a clogged dlff user or that the dlffuser header 
valves need adjustment to balance the air distribution In the tank. An illustra* 
tion of violent turbulence In an aeration tank Is shoWn In Figure 11-13. 

Periodically, (generally monthly to every 6 months) a 6,0. profile should be' 
performed In aeration tanks which are equipped with the diffused^type of 
aeration system. The air distribution should be adjusted to maintain a D,0. of 
no less than 0,5 mg/i, preferably 1 to3 mg/i, throughout the aeration tank. 
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Some prPbable causes of nonuniform aeration Include the folldwing: 

1 . Air rates too high or low for proper operation of the diffuser. 

2. Valves need adjustment to balance the atr distribution, 

3. DIffusers (or mechanjcal aer^to^s) need repair and/or cleaning. Masses ^ 
of air rising over the location of the diff user blowoff legs (If so equipped) 
generally Indicates that the dlffosers need cleaning. Figure 11-13 Is an 
Indication of this problem. ^ / ' 

4. Mechanical equipment limitations. ' ^ 

The following applicable measures should be implemented to correct aeratfon 
problems: ' . 

• A'djust air SCFM re^e to mai/itain the D.O, In the proper range (1 to 3 
mg/l). The SCFM of air per linear foot of dlffuser header pipe should be 
greater than 3 SCFM/llnear ft. to ensure adequate aeration and nnlKlng 
of tank contents. 

« Adjust dlffuser header valves to balance air distribution and to eliminate 
^ dead spots. 

• 'Clean and check the dlffusers. DIffusers should be cleaned on a routine 
basis to maintain good aeration performance. Generally every, six 
months to one year, ^ * , ^ 

« If fine bubble diffusers are extremely troublesome, consider replacing 
them with a coarse bubble type of dlffuser. Coarse bubble diffusers 
require a greater air SCFM rdte^because of the reduced oxygen transfer 
efficiency; therefore, It must be determined tl^t an adequate air 
supply Is available before making this modification. Outside help 
should be obtained. 

• Relocate and/or Increase the number of diffusers (or mechanical 
aerators) to properly mix and aerate the tank contents. 



r 




Figure IM3 
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Foaming Problems (Refer to Figure IM4) 



Minor loftmtng 
linomtjltn 



The presence of foam on the aeration tank is normal for the activated sludge 
process. Frequently, 10 to 25 percent of the aeration tank surface Is covered 
with film or light froth or foam. 



T«atyP«|0f 
fdkmlng 
conditloni can 
occur. 



Foaming can 

^ worktng 
condition I. 



Under certain operating conditions the foam (or froth) can become excessive 
and can affect operations. Two types of problem foam are normally seen. 
These are a thick brown greasy fr m and a stiff white foam. 

If the foam )s allowed to build-up excessively, it can be blown by the wind 
onto walkways and ptant structures, causing hazardous working conditions. 
In addition, It can create an unsightly appearance as well as cause possti le 
odors, K Iho foam is carried over with the (low to the secondary clarKieri, It 
will tend to build-up behind the influent baffles and create additional cleaning 
problems. 



Stiff White Foam 

ciumfof The stiff white, billowing foam is indicative of an overloaded Plant. This 

means that the MLSS concentration is too tow and the F/M Is consequently 
too high. The foam may consist of detergents or proteins which cannot be 
^ converted to food by the young and simple bacteria that grow in the MLSS 

at a high F/M. 

Some probable causes of stiff white, billowing foam IncluJe the following: 

1. LowMLSSduetoprocessstart'Up. < 

2. Excessive wasting of activated sludge causing the MLSS concentra- 
tion to drop too low fa current organic loading. 



3. The presence of unflavorable conditions such as toxic or inhibiting 
materials, abnormally low or Mgh Ph's (pH below 6,5 or above 9*0), 
insufficient dissolved oxygen,- nutrient deficiencies, or seasonal 
(summer to winter) wastewater temperature change resulting in 
reduced microorganism activity and growth. 

4. Unintentional wasting of activated sludge In the effluent of the 
secondary clariffer. This condition could be caused by the following: 

• Excessive orshock plant loads. 
« Biological upset. 

• l*llgh sludge blanket in sludge clarlfler. 

• Mechanical deficiencies in the clarlfler. 

• Denltrlftcatlon In the clarlfler 

• improper distribution of flows or solids loadings to multiple clarKles, 

5. Improper distribution of the wastewater and/or the RAS flows to 
multiple aeration tanks. 
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The following applicable measures should be implemented to correct the 
foaming probiem: \ 

• Reduce the wasting of activated sludge to increase the MISS concen^ 
tratfon. Changes in tiie wasting rate shouid be made slowly and 
gradually (sed Section 2.04 for waste activated sludge control methods 
and procedures). 

• Maintain sufficient RAS rates to Keep the sludge blanket In the lower 
halfof theciarifler.. 

• Control theairSCFM rates to maintain D.O. levels of 1 to3 mg/t In the 
aeration tank. 

• Industrial waste ordinances must be actively enforced to avoid process 
up^t and deterioration of the piant^effluont. 

• K'odify the piping or structures as necassary to maintain the proper 
distribution (proportional ^o tank volumes) of flows to multiple aeration 
tanks and secondary ciarlfiers. The construction of some type ot flow 
distribution structure may be required. 

[f flow mete ^ not provided, compare the following measurements: 

• The siudgd blanket levels In each clarif ler. 

• The suspended mcv'terconcentrationof each clarifler's RAS flow. 

• The MISS concentration in each aeration tank. 

The corresponding measurements should be nearly equal if the wastewater, 
aeration effruenti and RAS flows are being properly distributed. 

• if the aeration tanks are equipped with water sprays for froth control, 
operate the water sprays when there Is danger of the foam being blown 
onto the walkv;ays and/or other plantstructures. 

Excessue Brown Fcam 



CtUf » 

brown 



This type of foam is associated with plants operating between the con- 
ventional and extended aeration loading ranges. Nitrification and fila- 
mentous ornanisms suchras Nocardia are often associated with this type 
of foam. The thick brown greasy foam Is normal at any plant that practices 
sludge reaeratlon. The appearance of this type of foam can rosult In 
additional problems in the clarlfler by building up behind the Influent 
baffles and creating a scum disposal problem as shown in Figure IM4, 
Scum containing filamentous organisms should not be returned to the 
aeration tanks. Some probable causes of the foaming problem are as 
follows: 

1. Aeration tank is being operated at a lew F/M ratio because nltrifl^ 

cat;on is required by regulatory agency, 
2 Build^up of a high MISS cnncei)tratlon due to Insufficient sludge 

wasting. This condition could untentlonally occur when the 

seasonal (winter to summer) wastewater temperature change 

result;^ in greater activity of the microorganism and consequently 

greater sludga production. 
3^ Operating In the sludge reaeratlon mode. A thick brown foam is 

normal in the sludge reaeratlon tank. 
4, Improper WAS control program. See Section 2.04, "PROCESS 

CONTROL 
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The following applicable measures should be Implemented to correct the 
foaming problem: j 

« If nitrification Is not required, gradually Increase the wasting rate 
to Increase the F/M ratio (see Section 2.04, "PROCESS CONTROL"). 
If the scum Is not rBtumed to the aeration tanks, Include the volatile 
solids removed In the scurr^ Jn tfie^aste-$iudge calculations. 
During normal operation, the dmOunt of volatile sotlds removed 
with the scum Is too small to matter. However, during heavy foam* 
Ing, as much as 10 percent of jhe waste activated sludge sotlds 
may be removed with the scum. \ 

• When filaments appear in a nitrifying sludge, they maybe killed by 
the addition of chlorine to the RAS. Recent experiences suggests 
that the does of chlorine required will be from 2 to 3 tb CI2/IOOO 
IbsofMLVSS/day. ^ 

CAUTION: Excessive chlorlnation can harm the desirable micro- 
organisms* 

• Impiembi^t a better program for controlling the waste of activated 
sludge. Read Section 2.04 "PROCESS CONTROL" fcT more 
guidance on waste activated sludge control techniques. 



Solids Washout {See Case 1 on Figure )M6) 
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This Condition can sometimes be quickly detected when good settling is 
Observed In the 3amlnute settling test but billowing homogenous sludge 
solids are rising Jn the secondary clarlfler (Figure 11-15) even though the 
sludge blanket Is In the lower half of the clarlfler. 

Some probable causes of solids washout are as follows: 

1. Equipment malfunction 

2. Hydraulic overload 

3. SoJIds overload 

4« Temperature currents 

The foJJowing appHcabfe meac^ures should be Implemented to correct the 
solids was^^'^'jt problem: 



itthf 
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Equipment Malfunction 

The operator should inspect all equipment In the clarlfler to ensure that It 
Is operating properly. Specifically cherk the following: 
• Sludge Collection Equipment — ^ 

. Look for broken drives orsupport members. 

Look for uneven blanket depth at several locations In the 
clarlfler. An uneven blanket may indicate a plugged 
suction collector or broken plough. 
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• Baffles and Skirts — 

Look for broken welds, bolts, or supports. 
Look for holes In the baffle. 

• Weir Levels ^ 

Look for unbalanced flow over the ViteUs. Are the weirs on one 
side of the tank more deeply covered than those on the 
other side?The w^irs should be sidjusted to an equal 
elevation. 




Ar«thi flows 
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Hydraulic Overload 

The operator should check the hydraulic loading on each clarlfle/ by 
either measuring the flow to each clarifier 6r by estimating the flow 
balance between multiple units as Indicated by the depth of flow over the 
weirs in each of the clarlfiers. Overloading can result from excessive flow 
or unevenly distributed flow between multiple units. Approach and solve 
the problem as fotlows: 

• Determine if the flows are being distributed equally to the aeration 
basini^ and clarifier units. The weirs at the effluent end of the aera^ 
tion tanks must be adjusted to an equal elevation to provide an 
equal distribution of loading to each tank. The weirs or gates at the 
RAS distribution structures must be adjusted to an equal elevation 
to provide proper distribution of RAS flows. The weirs at the 
secondary cl^fifier distribution structures must be adjusted to an 
equal elevation to provide a uniform hydraulic loading. In addition, 
th^ effluent weirs must be ajusted to an equal elevation to provide 
optimum clarifier performance. 

• After checking and correcting the weir elevations where needed, 
determine the clarifier surface overflow rate as follows: 
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30 MINUTE SETTUNG 




OBSERVATION 



GOOOSETTUNG TEST 
aiLLOWlNG IN CLAnriER 




ACTION 



CHHCK ton EQUIPMENT MALTUNCTIONS ■ 



CHECK HVDRAULfC LOADING 



MEASURE TEMPERATURE PROFILES 



REMEDY 

t 

REPAIR EQUIPMZHT 

■ IMPROVC INIXT/OUTLET SAfFUNG- REDUCE RAS 



> use AOOmONAL AERATION TANKS 
AND/OR INSTALL SAFFIXS 



OBSERVATION 



ACTION 



30 MINUTE SETTUWG 




POOR SETTLING IW PERFORM 
TESX SUPERNATANT- MtCROSCOPfC 
VERY CLEAR E XAMINATK)N 
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FlUKMENTS 




CHECK D«0, 



i 



REMEDY 

IFDjOJS LOW-INCREASE AIR TO ACHIEVE DO OF I TO Z MG/L 

IFD.0.LEVEL5 UNEVEN-^DJUST AlH DtSTHiaUTION kVS>/On 
CLEAN DIFFUSERS 



NO FtU^MENTS 
DISPERSED FLOG 



(SOD/N > l(X^ -TRY ADDING N 
aOo/P > lOO/l -TRY ADDING P 
•BOD/FE>IOC/0.5-TRY ADDING FE 

CHECK ptJ- IF pl-l<6,5-TRy RAISING pH 

CHLORINATE RAS AT Z-3 LBS/ lOOO LBS MLVSs/ DAY 

C^tECK F/M RATIO - IF HIGHER THAN USUAL, DECREASE WASTING 



CHECK D.0* - IF ABOVE 3.0 M6/I,REDUCE AERATION 



CASE 1 AND CASE 2 
FIGURE 11-16 
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Example CslcuMlof} 

A, Data Required 

t Surface area, each clarlfler 7,850 sq* ft* 

2* Two clarlflers, total area ^ iS^T^sqJt* 

3* Plant flow {peak hour) = 7*5 mgitpr 7,500,000 gpd 

6, Determine the clarif ier surface overflow rate* 
Surface overflow rate, gpd/ft*2 ^ PlaqtJIow, gpd 



Ctarlfler surface area, sq* ft. 



ChfcKth# 

CftiilUriolldi 

loading. 



^ ^ ^ 7,500,000 gpd * 

15,70ClsqJt* 

= 478gpd/sq.ft. 

C, Compare the calculated surface overflow rate with the design 
rate. If the current rate exceeds the design rate {see Section 2*03, 
"SECONDARY CLARIFIERS'*), the cjarlflers are hydraullcally 
overloaded, gnd addttlonat clarlfter units are required In operation* 
If all clarlflers are operating, plant expansion or flow equalization 
Is required 

Soild& Overload ^ 

A special case of overloading of the clarlfler Is known as solids over* 
loading, Sottds overloading Is related to the Q, RAS flow, and MUSS 
concentration* Reducing the MUSS concentration or the RAS flow may 
eliminate the poor settling In the clarlfler* Determine the solids loading 
rate as follows: 



How to 
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Example CatcuMion 

A. Data Required 

1* Surface area, each clarlfler =: 7,850 sq* ft* 

2. Two clarlflers, total = 15,700sq>ft* ^ 

3, Plant flow, Q{peak hour) ^ 7,5 mgd 

4. QraSi RAS flow rate (peak hour) x 3*8 mgd 

5, Aeration effluent MUSS, peak hour ^ 2,500 mgfl 



B, Calculate the solids loading rate. 

\m2lhf = <Q QRAS>fT^6d)tMLSS,mg/l){8*34lbs/gal) 

(7*5 3*8) {2,500) (*8,34) 
(24}(15,700) 



:s 0*63lbMLSSrsq*ft*mr 
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A solids loading rate value of 1.25lb/sq, ftJhr Is a practical upper 
limit for ctarifler operation. If the calculated value for a particular * 
plant exceeds this value the following approaches should be 
tried, 

Utltizeanyavallabi^e aeration tank or clarifiers, 
♦ Reduce the RASftow, 
. ^» Reduce thjaMLSS concentration- ^ 

The use of all available aeration tanks makes It possible to reduce the 
MLSS concentration without changfng the F/M, The extra volume of 
addltiOQal aeration tank makes It possible to have the same volatile 
solids Inventory with a lower MLSS concentration, which effectively 
reduces the solids loading rate. 

If no additional aeration tanks are available, the second approach should 
be used. The RAS flow should be reduced by 10 to 20 percent. The depth 
of the sludge blanket In the clarlfiers should be measured periodically 
to ensure the sludge blanket does not bulid to an excessive depth, Observe 
the clarlfier to see If the poor settling characteristics are improved. If the 
settling does not Improve after reducing the RAS flow, the MLSS should 
be decreased by slightly increasing the wastfng rate. Be aware that the 
F/M is Increasing during this procedure because the solids inventory will 
decrease, A practical ifmft for MLSS reduction would be a 10 percent 
gradual change in one ^/veek. If no improvement occurs during these 
adjust meiYts, thefiigh effluent suspended solids concentrationsare rnost 
likely not due to solids overloading. 



Temperature Currants 

A temperature, proflte of the clarifter will identify the presence of any 
temperature currents. The temperature probe on a dissolved oxygen meter 
Is an excellent tool for this procedure. To mak^ the profile, the tempera- 
ture Is (Measured and recorded at the head, one quarter, one half, three 
quarters and tail end of a rectangular or square clarlfier, or at the quarter 
points acrossa circular clarlfier. At each point, the temperature is measured 
at the surface and the quarter points down to fhe bottom of the tank. Be 
careful that the temperature probe and wires do Jiot get entangled in the 
sludge collection equipment, \ 



InatallbtfltM, 



If the deeper temperatures are consistently cooler by 1 to 2* C or more, 
temperature currents are present. The settling may be Improved H baffles 
are installed to break up the currentsand stop the turbulence. 



whiz 



ACTIVATED S^^UOGE PROCESS 
SECTION II -PROCESS CONTROL 



Bu Using Sludge (S ee Case 2 on Figure 11-16) * 

The preset^ce of a clear supernatant ^bove a poor settling sludge indicates 
that the settling Is being -hindered by either the presence of filamentous 
microorganisms or dispersed floa The presence of filamentous microorganisms 
Is corrected by Improving the treatment environment with the addition of 
nutrients, such as nitrogen and phosphorous, and/or by correcting the dis^ 
solved oxygen concentration In the aeration tank. The presence oT dispersed^ 
floe Indicates either organic overloading or overaeratlon. Classic sludge^ 
bulking In the clarlfler Is Illustrated In Figure IM7. 

Some probable causes of the bulky sludge problem are as follows: 

t Filamentous microorganisms present \^ 
« Low D.O. In aeration tank 

• insufficient nutrients 

• Low pH 

« Warm wastewater temperature 
« Industrial wastes 
Z No filamentous microorganisms present 

• Organic overloading (high F/M) 
« Overaeratlon 




Figure IM7 
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The first step in analyzing this condition is to perform a microscopic examina- 
tion of the MLSS. Microscopic analysis of the MLSS is described in Section 
IV^ **LABORATORY CONTROL"^Approach and solve the problem as foUows^ 

Rlamentous Microorganisms Present (Figure 11-19) 

If filamentous microorganisms arepresent, the following steps should be 
followed: 

« Measure the D.O. level at various locations throughout the aeration 
tank. 

If the average D.O. Is'^less than 0.5 mg/l there is insufficient dis- 
solved oxygen in the aeration tank. Solution^ Increase the air 
SCFM rate until the D.O. levels Increase to 1 to 3 mg/l throughout 
the tank. 

If the D.Cf. levels are nearly zero In some parts of the basin, but are 
higher in other locations^ the air distribution system Is out of 
balance Or the dlftusers In an area of the basin may need to 
cleaned. Solution - Balance air system and/or clean diffusers. 

« Calculate the ratios of BOD to nitroged (use TKN expressed' as N}^ 
BOD to phosphorus (expressed as P), and BOD to iron (expressed 
. as Fe). In general, anhydrous ammonia is used to add N, trlsodium 
phosphaie is used to add P, and ferric chloride Is used to add Fe. 



calculatf 
amount of 
nutrlantttotiso. 



Exampte CatcutaUon 
A. Data! Required 



1. 

2. 

3. 

4. 

5., 

6. 

7. 

8. 



10. 



Influent BOD = 170 mg/l 
Influent TKN = 4.5 mg/l 

Suggested ratio, b6d/N ^ 100/5 = 20 . ^ 

Suggested ratio, BOD/P = 100/1 s loa 
Suggested ratio, BOD/Fe = 100/0.5 = 200 
Plant Q, average dally ^ 7.5 mgd 

Ammonia/nitrogen atomic weight ratio, NH3/N = 17/14 = 1.2 
Trlsodium phosphate/phosph^us aton^lc weight ratio, Na3 
P04/B== 164/31 = 5.3 

Rhosphrolc acid/phosphorus atomic weight ratio, H3PO4/P = 
98/31 = 3,16 

Ferric chloride/iron atomic weight ratio, FeCl3/fe s 162.5/56 



B. Calculate the amount of N,P, and Fe needed per day to achieve 
the suggested ratloSr ^ ; - 

BpD, mg/l ^ 

Nutrient needed = ^^pective suggested ratlofrom 

3, 4 or 5 above 
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GOOD SETTLING SLUDGE 




FILAMENTOUS ORGANISMS IN BULKING SLUDGE 



MICROSCOPIC OBSERVATIONS 
FIGURE 11-18 
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ExamptoQntculntlon 

N oeedBd - BOOmg" 

Suggested ratio* BOD/N 

„ 170 
20 

= 8.5 mg/l 

C. Calculate the difference between the nutrient available and the 
nutrient needed. 

Nutrient shortage ^ N needed -Nutrient available 

Bxmph Calcutatlon 

N shortage s N needed-XKN available 
=! 8.5 -4.5 
= 4,amg/l' 

'Nutrient addition (s not neiBded when answer Is zero. 

I 

D. Calculate the pounds of nutrients that need to be added per day. 
Nutrient, Ibsfday = (Nshortage,1ng/l)(Q,mgd){6.34 lbs/gal) 



Bxanm^ Calcuhthn 

Nitrogen, lbs/day a (N shortage, rftg/l) (Q, mgd) (8.34 lbs/gal) 



= (4 mg/l) (7.5 mgd) (8.34 lbs/gal) 
= 250 lbs of N/day 
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Addmonof 
nutddnti* 



NutrUmt 
•houtd bt 
Bpplttd with 



It Mimtlon 
tank pH 6*5* 



Prtvent 
probltm it 



nitflflctttoft. 



E. Calculate the pounds of the respective commercial chemical to be 
added per day* 

Chemical 1 (NiJtrlent lbs/day) (Respective atomic wt> ratio) 
lbs/day Concentration of chemical, % 

7 

\ : 

E)($mpl6 Catcuhtion 

Anhybrous ammonia = (N, lbs/day) (1.2 NH3/N) 

NH3 concentration, % 



(assume using a 
commercial grade 
with a 80% cone.) 



H25Qlb3/day}(1.2NH3/N} 



80% 



300 
0,8 



= 375 lbs of anhydrous ammonia n^ded/day 

Nutrients should be added at the infiuent^end of the aeration tank* The 
settieabillty of the siudge shouid be carefully observed to see If it fs 
improving. If the settleabiilty improves, tfie dose of nutrient can be reduced 
by fiveJpercent per week until the settleabJlity begins to decrease* Then 
Incre^e the dose by five perc^t and observe the settleabiilty, , 

Nutrients are expensive and they should be applied with care/ Nutrient 
dosage may be Increased with increased BpD concentrations which 
takes Into acpount the effects of the additional microorganism growth 
that will occur if the settleablltty does not Improve readily, the nutrient 
dosing should be continued until the actual problem Is identified* and 
solved, because the pfoblems that are causing the poor settleabiilty may 
bfeifUerrelated. 

If the pH in the aeration tank is less than about 6*5, the settle^llityof the 
sludge may be affected dM9 to inhibition of the bacteria that settle readily* 
if the pH of the raw wastewater is less than 6*5, the low pH problem is 
orobably due to industrial wastes and i survey shoilld be conducted to 
Identify the industry that is in violation of its discharge permit^ The best 
procedure; if possible, Is to prevent the problem by control at the source, 
A good industrial wastejnonitoring and enforcement program will avoid 
many difficulties in thi? ^^rea/ 

Nitrification destroys alkalinity and reduces the aeration pH level* If this 
is the cause of the problem, raise the MUSS pH by adding caustic soda, 
or lime at the Influent end of the aeration tank. If nitrification Is required, It 
Is suggested that the MLSS pH be maintained in the range of 7^ to 7*8 
to encourage an acceptable rate of nitrification. Care must be exercised 
to ensure that the treatment system is not shocked by high plH levels or 
overdosed to pH levels above 9. 
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Dttsrmlning 

tmountol 

caustic 



The best method for deterrpining the amount of caustic required to raise 
the pH involve^a batch titration technique, A solution containing a Known 
concentration of caustic is added dropwise to a sample of MUSS, The 
sample volume must be known and the sample must be stirred during this 
determination. The dropwise addition of caustic Is continued until the pH 
Is approximately 7,2, The amount of caustic added is proportional to the 
amount required to raise the pH in the treatment System. The pounds of 
caustic soda <NaOH) required is determined as follows: 



How to 

ClICUlAtO 

caustic nfted«d. 



Example Calculation 

A. Data Required 

1, Plant Q average daily = 7,5mgd' \ 

2, Normality of NaOH used in titration = 0.02N \ 

3, Volume of NaOH used to titrate sample 6.5 mi 

4, Equivalent weight oM,ON NaOH (one liter) =± 40^000 mg/l 

5, Concentration of commercial caustic soda solution used = 
25% 

6, Volume of sample titrated = 1 liter 

B. Determine the mg/l of pure NaOH needed to raise the sample pH 
to about 7.2. 

NaOH needed, = 
mg/l 

(pure NaOH) 



(ml of NaOH used, liter sample volume)(Normality of NaOH) (Equivalent wt) 
\ 1000 ml/I 

_ <p.5 ml) (0.02 N) (40,000 mg/l) 
1000 ml/1 



7 



= 5.2 

C. Determi'^e the IbsWay of pure NaOH needed to adjust the pH of 
the acl.^dted sludge. 



NaOH needed, lbs/day := (NaOH needed* mg/l) (Q, mgd) (8.34 lbs/gal) 
(pure NaOH) 

= (5.2 mg/l) (7,5 mgd) (8,34 lbs/gal) 
= 325.26 
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D, Determine the lbs/day of commercial caustic soda solution 
needed. Caustic soda is frequently used as a 25 percent by 
weight solution. 

25% NaOH solution, lbs/day = Cbs of pure chemical needed/day) (100%! 

Solution concentration % 

^ (325.2 lbs/day)(100%) 
25% 



^ 1301 



Dolertntnlngtho 
amount of lime 
f«qulrs<f. 



When determining the amount of lime needed for pH adjustment, obtain 
and weigh a small amount (about 1 or 2 grams) of the actual lime to be 
used in the treatment process. While a measured sample is stirring, add 
sr.iall increments of the weighed lime (or suspension) until the pH Is about 
7.2. Then, weigh (or measure) that portion of the lime (or suspension) not 
used to determine the amount of lime used in the titration. The pounds 
of lime required is determined as f oHows: 



How to 

calculate Hmft 



A. Data Required 

1, Plant Q, average daily = 7.5 mgd 

2. Weight of lime before titration a 1.0100 grams 
3« Weightof limeaftertltration = 1.0056grams 

4. Weight of iime used in titration = 0.0044 grams 

5. Volume of sample titrated 1000 ml 

B. Determine the mg/l of lime needed to raise the sample pH to 
about 7,2. 

Lime needed, mg/l = (Sample vol. ml) (lime used, g) (1000 mg/g) 

1000 ml/1 

_ (1000 ml) (0.0O44g) (1000 mg/g) 
1000 mf/l 

t= 4.4 

C. Determine the lbs/day of lime needed toadjust the pH< 

Lime needed, lbs/day = {Lime needed, mg/l) (Q, mgd) /8*34 lbs/gal) 



^ (4.4 mg«) (7.5 mgd) (8.34 lbs/gal) 



= 275 
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li thtchMTiIcst 

OffMtlV#> 



Addition 



The a. litton of lime or caustic to raise the pH ts an expensive operation. 
The settleabiitty ol the sludge should be closely monitored to observe 
changes to ensure that benefit is being pained from the addition of caustic 
Of lima. H no improvement In settleabtllty occurs wRhIn a 2 to 4 week 
period, then the addition of caustic or lime should be halted. 

Tha ctilorination of tf.e RAS is a dependable and effective control of 
filamentous microorganisms. The filamentous microorganisms are more 
readily affected by the addition of oxidizing agents such as chlorine 
because they have a greater surface area to voluh^e ratio. The addition of 
other oxidizing agents such as hydrogen peroxide In dosages of 100 to 
200 mg/i has also been reported to effectively control the presence of 
filamentous microorganisms. 



rymptoflit— 



The use of oxidizing agents does not treat the cause of the problem but 
only treats the symptoms. The most cost-effective solutions to the prob* 
lems relatir^g to filamentous microorganisms will involve treating the 
Ci'use of the problem, such as adding nutrients or ificreasing aeratlop, 
and not *he synrptoms. 

A dose of 2-3 lbs o( CI2 per 1000 lbs of MLVSS per day has been reported 
to effecttvel control filamentous microorganisms. The chlorine dosage 
js expressed m the form of aratio« which Is a logical and useful approach 
to Chemical dosmg in activated sludge systems. The proper chlorine feed 
rate is <fete^i ^med as follows: 



HOWt« 
C4kutiti C'2 

rt«ci 



example CatoutaUon 

A Data Required 

1 Aeration MLVSS = 20OOmg/l. 

2 Aeration volume f.26miigai 

3 Desired CI2 dosage lbs/1000 lbs MLVSS/d& = 2.5 lbs 

B Calculate the volatile solids inventory under aeration, 
MLVSSJbs (MLVSS, mg/l){Aer. vol., mg)(b.u4 lbs/gal) 

= (2000 mg/i) (1. 26 mg) (8,34 Ibs^gal) 

^ 21,0,7ibso( MLVSS 
C Calculate the chlorine feed rale, 

Ci2, Ibs/day = tCl2 dosage) (MLVSS, tbs> 

1000 

_ (2,5 lhsClp<21,017 lbs of MLVSS) 
1000 lbs MLVSS 



^ 52 b lbs Ci2/day 
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If filamentous bulking is occurring quite often, it is recommended that 
the operator havo an experienced microbiologist identify the type of 
filamentous organism causing the problem. After identifying the type of 
nwyb/nwtfttd organism, the microbiologist can provide data on the type and/or source 

of the waste contribution to the growth of this organism. For instance* if 
the filamentous organisms were identified as Toxothrix, a condition 
promoting the production of sulfides {H2S) such as septiclty In the coh 
lection system or treatment plant is the probable cause. With this type of 
insight into the problem, the operator can implement the appropriate 
measures to reduce the number of future problems, in addition, the 
operator will be better informed on how to handle the problem the next 
time itoccurs. 



No Filamentous Microorganisms Present 



Is iheF/M 



Check the F/M to determine If the system is operating at a higher FitA 
value than is normally used. The presence of small dispersed fiocs is 
characteristic of an increased F/M. If the F/M is higher than normal by 
10 percent or more the wasting rate should be decreased. The decrease in 
the F/M should be reflected by the disappearance of the dispersed floes 
over a period of a week. 



DO 

concenlrallon \s 



The amount of turbulence and D.O. in the aeration tank is also important. 
D.O. concentrations above 3.0 mg/i Indicate that excess air is being used, 
and the aeration rate should be reduced to lower the D.O. concentrations 
to the range of 1 to 3 mg/l. Excessive turbulence (overaeration) in the 
aeration tank will hinder MLSS floe formation antil may result in the carry* 
over of pinpoint floe with the clarifler effluent. 



Clumpingmtsrng Sludge (See Case 3 on Figure Ih20) 



Restflloi 
^ d«n in Ilea I ion. 



V 



When the sludge mitiaily settles during the 30*mlnute settling test and then 
floats to the surface after one to two hours, the problem is generally that 
denitriftcation is occurring In the ciarlfier, as illustrated In Figure IM9. Nitrate 
ions are reduced to nitrogen gas and bubbles are formed in the MLSS floe as 
a result of this process. The bubbles attach to the biological fiocs and float 
the fiocs to the Surface of the ciarifler where they eventually flow over the weir. 



Some probable causes of sludge clumping: 

t The activated sludge process is being operated at a low F/M ratio and 
consequently the process has "slipped** slightly or completely into 
onuMoi the nitrification zone. 

ritin^^^^^ 2 The sludge is being held too long In the ciarifler and consequently all 

the available dissolved oxygen has been used by the microorganisms. 
The return sludge should have a D.O. content of not less than 0.2 mg/l. 
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Srm SLUDGE 
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AGAIN 



GIVES CFTfiUe^SLCS DO^lTRlFlCATlO^ t»CR£ASE RAS PA^K 
AM&SeTTL££ ~INCLAmrl£R3 ^lSCR£ASe WAS AAT£ 




■*^CL£KJDV — M^OSCOPiC 
SUPCRIfA' eXAMrKATION 
TANT 



ACTtON B£MGDY 



F/M TOO HIGH , 
^ORGANIC OVERLOAD 



-NO PR0TC2OA * 



- REDUCE WASTIWJ INCREASE RETVRN 



^LOW TO NORMAL F/M * 



^AOEOUATE D-O. _ IF POSSrouC Crr SEEO SLUtl^lC 
TOXJC WASTE STOP WA3TIMG t^NTlL SOUlOr? BUILD U^* 



DISPCHSEO FLOC ^ TOO MUCH 
' HEALTHY PftOTOICA ^ MiXltfG 



- REDUCE AERATION 



CASE 3 AND CASE 4 
FIGURE 11-20 
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Corrtctiv* 



Higher than normal wastewater temperature resulting In a hlgher/ate 
of mtcroof&iinism aclr/ity vvhlcf^ cajSG>s the process to nitrify ^t a 
higher F/M ratio. A higher rate of fnlcroorQanIsm activity will also 
r^&uit a faster de^^^tlon of the dissolved oxygen In the ciarlfior 
siudgc^ and consequently a greater pctenllat for, soptlclty and deni- 
tri float ion. 




FlgurelM9 
crumping In Clariiler 

The foilovifin^ applicable measures should be Implemente'^d to correct the 
sludgt clumping problem: 

• Increase tne return activated sludge flow rate to reduce the detention 
time nf the sludge in the clarif!erSy A periodic measurement of the 
clarifier sludge blanket depth will hefp to determine the proper return 
rate. 

• Where possible, increasing the speed of the sludge collector may 
lessen the problem, 

• When the suction type of sludge collector Is employed, check that all 
suction tubes are flowing freely with a fairly consistent suspended 
solids concentration. Some of the suction tubes may be Improperly 
adjusted or plugged resulting In coning in some areas and a sludge 
blanks! build-up In otherareas. 

« If nitrification Is not required, graduaKy Increase the sludge wasting 
rate to stop nitrification. Initiaiiyp the solids Inventory should be de^ 
creased by 10 percent over one week, and then the process operation 
must be observed over the following two weeks to see If treatment has 
iiT!E>ro/ed 



II9£ 



FRIC. 
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FRtr 



Cloudy Secondary Effluent (See Case 4 on Elgure 11-20) 



3{>mlnuf» 
*»Hltn9t«iL 



During the periods of high effluent suspended so^ds concentrationp the 
settleability (or settling) test should be run tmmedtately and followed up with 
additional iests several times a day until the problem is identified and cor 
rected. When the mixed liqgor in the settleabrtity test settles poorly leaving 
a cloudy supernatant, the next step is to perform a microscopic examination 
of the mixed liquor. One of the important purposes of this examination is to 
determine if protozoa are present and the status of their health. The use of a 
microscope for process control and troubleshooting is further Described in 
Section iV, '*U80RAT0RY CONTROL" 



Protozoa Are Present 



Inactlvt. 



If protozoa are present, their actions and appearance should be observed. 
When the protozoa appear to be Inactive it frequently Indicates that a slug 
of toxic material has recently entered the treatment system. The operator 
should reduce the sludge wasting rate and maintain normal operation 
until the materia! passes through the treatment system. Refer to Table 
IM2. 



Pro?ifZoa »r» 



If the protozoa appear normal and active, but the cloudy cofidftion per 
ststSp the activated sludge floe may bo dispersed due to '^xce&slve turtuh 
ence (overaeration) in the aeration tanH. Generaiiyp overaoration Is 
characterized by D.O, concentrailons above 3 mg/l in t^be aeration tank. 
Propercontrol of the aeration system is further described in Section 2.04, 
"AERATION AND 0.0. CONTROL." 



Ho profoxoi 
prmnt 

Wh«ttoth»«)c 



Protozoa Are Not Present 

If no protozoa are presentp there are two possibilities. First, the F/M is too 
high and the system is o^^erating In an overloaded manner. Approach and 
solve the problem as follows;: 

• Calculate the F/M. Ref erto Section 2.04, Constant F/M Control. 

• Compare calculated F/M with F/M's for the periods of satisfactory 
operation, 

• If the F/M is greater than these values, the wasting rate should be 
reduced to raise the soiJds inventory. 

• Increase the RAS flow to lower the dudge blanket level in the 
ciarifierto the rinimum. The Increased RAS flow will increase the 
solids inventory by transferring the MLSS stored in the ciarlfier 
into the aeration tank. 

Second* the F/M may be lower than or within the normal range. This 
condition is frequently associated with one of the following: 

• Low D.O, concentration Jn the aeration tank. If the average D.O. 
measured at several locations in the aeration tank is less than 0,5 
mg/l, aeration should be increased until the D.O. is between 1 and 
3 mg/l. 
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* A toxic waste entered the treatment system. Toxic waste adversely 
affects the health of the activated sludge. A short term solution to 
this problem involves the addition of large quantities oi healthy 
seed sludge to build-up the volatile solids Inventory. The long term 
solution requires an industrial waste survey to Identify the source 
of the toxic material and the enforcement of strict Industrial waste 
diocharge ordinances. Table IM2 shows the levels of- heavy metals 
that can usually be tolerated by activated sludge microorganisms 
on both a long-term and short-term basis. 



TABLE iM2 
ALLOWABLE CONCENTRATIONS OF HEAVY METALS 

floittng on 



CONSTITUENT 


J CONCENTRATION AT WHICH DAMAGE TO 
ACTIVATED SLUDGE MIGHT OCCUR 


COfiTINUOUS LOADING 


SLUG LOADING 


CADMIUM 


1 mg/1 


10 mg/1 


CHROMIUM 


2 mg/1 


2 mg/1 


COPPER 


1 mg/1 


1 .5 mg/1 


IRON 


35 mg/i 


100 mg/1 


LEAD 


1 mg/1 




MANGANESE 


1 mg/1 




MERCURY 


0.002 mg/1 


0.5 mg/1 


NICKEL 


1 mg/1 


5 mg/l 


SILVER 


0.03 mg/1 


0.25 mg/1 


ZINC 


1 to 5 mg/1 


25 mg/1 


COBALT 


>1 mg/1 




CYANiDE 


1 mg/1 


1 to 10 mg/1 . 


ARSENIC 


0.7 mg/l 
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Ashing (g ee Case 5 on Figure 11-22) 

The appearance of small ash-ltke sludge particles floating on the surface of 
the secondary carif ter (Figure ii-21) is commonly referred to as "ashing.''' 




AfthlnglnClarlflof 

Some probable causes of the ashing probiem are as follows: 
tMnQ, ^- The beginning of denitrffication is occurring in the clarifier. 

2. The mi^ed liquor hasan unusually high grease content. 

Corrtctivfl The ashing problem should be approached and solved as follovys: 

tMfiQ. First, Stir the kludge which floats in the30-minute settling test. 

• tf it Settles * This indicates that denitrification has begun-*See "Siudge 
* Clumping*' for solution. 

• If it does not settle, there may be excessiv6.amounts of gre<ise in the 
sludge. Perform a grease analysis. If jhe grease cooteht exceeds 15 
percent by weight of the MLSS, the propfem may be one of the following: 

• Jhe primary tank scum baffles are^^ftialfunctlonlng due to hydraulic 
{Overloading or mechanical failure. Specific attention should be given 
to scum baffles and the scum collection system In the plant. 

• Too much grease is being dumped in the sewer by an industrial or 
^ommerci^i discharger. If too much grease is in the raw wastewater, 
an industrial waste survey must be conducted to Identify the discharger, 
and have the problem corrected. 



ti-gs 
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30 MtHUTE 3CTTUHG 




OaSCRVATtOH 



ASH ON SURFACE " STlIt FUOATING FLOC 



ACTION 



RGMGCKY 



- RELEASES BUBaL£S AHO smUS -BEGlNNtMS OF DENlTTtlFtCATtOH ~ 

INCREASE WASTIMG 



PROBABLY EXCESSIVE GHEASE 
■ DOES NOT RELEASE ei>BRLES CNECK IF GREASE ABOVE ISIOF 
HOR SETTLE MLVSS BY WEtGHT 



TRY TO IMPROVE GREASC| 
CAPTURE UPSTREAM 
GREASE TRAP CLEANU* 



10 MINUTE SmUlWr 




OBSERVATION 



PINPOINT FLOC 
OR STRAGGLERS 
OBSERVED IN 
SUPERNATANT 



ACTION 



REMEDY 




(EXTEN"^ ACl^ATlON ^NEHt«CREASE WASTING 
TO Mt>CH SHCARHtCOUCE AERATION IF POSSIBLE 



UGNT, FUJFFY FUJC 0V^U3At> ^^^^ 



CASE 5 A«D CASE 6 
FIGURE 11-22 
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Pinpoint Floe (See Case 6 on Figure 11-22) 



Old tludgt, 
pMTfloo, 



Ctutttof 

pinpoint flM, 



Corrective 
mmurtt for 
pin pdnf floe. 



MLSStoolow* 
you no tludgo. 



Cauattflf 
ttraggltr*. 



The appearance of smalt dense, pinpoint floe particles suspended in the 
secondary clarlfler Is a common probiem often seen in treatmem plants 
opei'ating near or In the extended aeration range. This problem Is generally 
related to an old sludge that settles rapidly but lacks good flocculatlon 
characterUtlcs. 

Sortie probalbFeoauses of the pinpoint ftbc problem are as follows. 
. 1^^ The process is being operated at a F/M near or In the extended aera- 
tion range resulting In an old 3ludge with poor floe formation char*., 
acterlstics. ^ ■ ^ ' 

2. Excessive turbulence (overae ration) in the aeration tank shearing the 
itoc formations. 

The following applicable measures should be implemented to correct the 
prpblem: 

• If the sludge settling characteristics observed during the 30^mlnute 
settling test indicate a '*too rapidly settling'' sludge with poor floe 
formation, the clarlfler effluent quality can be improved by gradually 
increasing the wasting r^te. If nitrification is required, caution must be 
exercised not to decrease nitrification by wasting too much sludge, 

« It good setthng with a clear supernatant above the settled sludge Is 
observed in the settling test, check for proper aeration and mixing in 
the aeration tank. If the average D,0. concentration in the aeration 
tank is more than 3 mg/l, the SCFM air rate should be reduced until tho 
aeration D.O. is between 1 and 3 mg/l« 



S^3ggl9rs/8I Mowing Solids (S ee Case Son Figure IU22) 



I 



The appearance of small, -light, fluffy sludge particles rising (sometimes 
billowing) to the clarlfler surface and discharging over the effluent weirs Is a 
problem often seen when the MLSS concentration Is too tow. This problem is 
generally related to a young sludge (high F/M) which settle! poorly. The 
problem of tight flQC partlcals Is generally worse In shallow clarlflerSp partlc^ 
ularly at high RAS flow rates. At some plants, the floes are partlcutarly notice^ 
able during the early morning hours. 

Some probable causes of this problem are as follows: 

1. The aeration tank Is being operated at a MLSS concentration that is 
too low. This would rorfPally occur during process start-up until the 
proper MLSS concentration isestabllshed. A sludge wasting rate that 
Is too high will result In low MLSS and a high F/M. 

2. Sludge is being wasted on a batch basis during the early morning 
hours resulting, tn a shortage of microorganisms to handle the day^ 
time organic loading. 

3. The return sludge flow rate Is high. 



lERlC 
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The following applicable measures should be implemented to correct the 
problem: 

• Decrease the sludge wasting rate to raise the MUSS concentration and 
increase the sludge age. 

• If possible, avoid high sludge return rates. 

• If wasting sludge on a batch (or intermittent) basts, avoid wasting 
during. the early morning hours. All the organisms are needed at this 
time to handle the daily Increase in organic loading. 
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3.(H INTRODUCTION 



Whore do«i 
'«ctlvittd 

from? 



The term "^activated sludge" is derived from vi/astewater being mixed with air 
or oxygen for a length of time to develop a brown floc which consists of 
billions of microorganisms and other material. These microorganisms use 
most of the suspended and dissolved material found in th^ wastewater as 
their foo^ (BOD) source. The microorganisms are aerobic dnd therefor^ re- 
quire an atr or oxygen supply to function. Their need for food and air or oxygen 
is similar to the needs of humans and other animals. 



Th« process 

^vlronment to 
control ^ 
mlcrooTQinlsmsi. 



The activated sludge process provides the environment to keep these micro* 
organisms uiider controlled conditions so that they can remove most of the 
solids from the wastewater as it passes through the process. The environment 
is provided by four basic systems which make up the activated sludge process. 
These systems include aeration, sedinientation, return activated sludge 
(RAS)and waste activated sludge (WAS) as illustrated in Figure ItM 
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TYPICAL ACTIVATED SUJOGE PROCESS 
FIGURE III-l 
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The purpose of tne activated sludge process is to remove as much of the 
Organic matter In the wastewater as possible by biological means. In doing 
this, the process produces an effluent quality high enough that beneficial 
uses of receiving waters will not be hindered, thus, a high level of treatment 
must be achieved. 

Deftnlflons 



in orderr for the operator to understand the concepts Involved in operating 
the activated sludge process* he must first understand the terms associated 
with it. ; 
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ACTIVATED SLUDGE is the floc oi microorganisms that form when 
wastewater is aerated. ^ 
MiXED LIQUOR is the mixture of activated sludge and wastewater 
in the aeration tank. 

MiXED LIQUOR VOLATILE SUSPENDED MATTefl (MLVSS) have 
been found to be proportional to the m)croorganisms\concentfation in 
theaeratlon tank. 

KINETICS is the approach used to mathematlcatly simulate biological 
treatment [Jrocesses by relating the growth rate of the ngtcrooqganisms 
to the food and microorganism concentration. 
NET GROWTH RATE is the microorganism rate of growth minus the 
microorganism decay rate. Also referred toas the net sludge yield. 
MEAN CELL RESIDENCE TIME (MCRT) Is the Inverse of the net 
groifth rate and is equal to the average time & mIcroorgaViIsm spends 
in the treatment process. The MCRT is an important kinetic parameter 
that is very useful in process control. 

FOOD TO MICROORGANISM RATIO (F/M) is the ratio of the amount 
of food expressed as pounds of COD ( or BOD) applied perdayi lo the 
amount of microorganisms, expressed as the solids Inventory in 
pounds of volatile suspended matter. The F/M Is mathematically re- 
lated to the MCRT, and is also an important process control tool. 

GOULD SLUDGE AGE (GSA) is the ratio of the pounds per day of 
influent wastewater suspended matter to the solids Inventory in the 
aeration tank. ThuStGSA or Sludge Age should r. ' be confused with 
the term MCRT. 

RETURN ACTIVATED SLUDGE (RAS) is the settled m/ixed liquor that 
is collected in the ctarifier underflow and returned to the aeration basin. 
WASTE ACTIVATED SLUDGE (WAS) Is the excess growth of micro- 
organisms which must be removed to keep the biological system in"" 
balance. Various control techniques have been developed to estimate 
theamountof WAS that must be removed from the process. 
COMPLETE MIX ACTIVATED SLUDGE describes ttn ideal mixing 
situation w^ere the contents of the aeration tank are at a uniform con* 
centration. In other words, everything in the tank is dispersed by a 
back mixing action. 

PLUG FLOW ACTIVATED SLUDGE describes an Idea! SJtuatlofi 
where the contents of the aeration tank flows along the length of the 
tank. 

BACK MIXING refers to mixing the contents of a tank fn the longi- 
tudinal or flow oriented direction. 

TRANSVERSE MIXi1MG,also known as cross roll, refers to mixing in a 
direction across the direction of flow. 

SLUDGE REAERATION refers to the practice of aeratmg the RaS 
bef6reit is added to the mixed liquor. 

PROCESS LOADING refers to the organic loading rangeas measured 
by-theF/M. 

CONVENTIONAL LOADING refers to a prociTiss loading of 0.2 to 0.5 
lbs BOD applied/lb MLVSS/day. 

HIGH RATE LOADING refers to a process loading of two to three 
times the conventional loading rate. 
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EXTENDED APRATION LOADING refers to low rate loading that is 
one half to one tenth of the conventional loading ri 

SETTLEABILITY is the measure of the volume occu? 
Jiquor after settling in a graduated cylinder for 30 mint 
1s generally expressed as a percentage based on the 
volume to thesupernatant volume. * 
SOLIDS INVENTORY is theamountof volatfle suspended solids in the 
treatment system. The Solids Inventory is also known as the Volatile 
Solids Inventory. 
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3,02 PROCESS DESCRIPTION 
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The activated sludge ^process Involves growing microorganisms on the 
organic material in wastewaters. Return Activated Sludge (RAS) from the 
clarifier underflow Is combined with the influent wastewater in the aeration 
tank to form the mixed liC|uor. The mixed liquor is usually aerated for a period 
of several hours in the aeration tank. During this time some of the organic - 
material in the wastewater is converted into new microorganisms and some 
in converted (oxidised) to various other products including carbon dioxide. 
The mixed liquor flows through the aeration tank and into the clarifier where it 
settles to form the RAS. The clear liquid remaining above the settled mixed 
liquor is call&d the secondary effluent which is discharged from the process, 

A portion of the activated sludge is purposely removed by wasting it from the 
process. The wasting of sludge Is necessary to maintain the desired quantity 
of microorganisms in the process. Wasting is necessary because the micro^ 
organisms grow and multiply as they eat the food supply in the wastewater. 
The basic idea behind successful operation of an activated sludge system' Is 
to keep a balance of microorganisms to the amount of food in the wastewater, 
Proper operation will provide the microorganisms with a balanced diet of 
food* nutrients, and oxygen. If nutrients or oxygen limit the growth of the 
nrxicroorganismsi they will not settle satisfactorily in the clarifier. Proper 
operation makes food the only part of microorganisms diet that limits their 
growth. As long a& ood is the only limit to their growth.^he process can be 
controlled and maintained so that they settle well in the clarlfter. 

If the organic material conversion process is limited by oxygen or nutrients, 
the microorganisms in Ihe mixed liqiiv- will not settle well In the secondary 
clarifier The activated sludge process depends on settling the mfxed liquor 
so that it can be returned to the aeration tank to keep in balance with the 
organic material in the Incoming wastewater. This t^lance is generally related 
to process loading as expressed by the F/M ratio, Inability to settle the 
mixed liquor can result in a high concentration of suspended sottds In the 
clarlffer effluent. Proper control of the activated sludge process will produce 
a mi- Jd liquor with goodsettleabillty,lf the conditions In the aeralion system 
deteriorate, the formation of undesirable microorganisms can result. Typical 
undesirable microorganisms Include the filamentous oiganlsms. Filamentous 
microorganisms grow as long, thread-like organisms having an Increased 
surface area This Increased surface area makes it possible for the filamentous 
organisms to grow In conditions of low dissolved oxygen or low nutrient 
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F«ini«ni»mak« Concentrations. Unfortunately, filamentous organisms hinder settling by 

poortottung Causing excessive bridging and matting of the floes, resulting In a mixed 

ttiudQft. liquor which does not settle well. Poor settleability associated with the pre^ 

sence of too many filamentous organisms is known as bulking sludge. 
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thdr growth. 



The consequences of bulking sltidg^;; are that poorly settling mixed liquor 
cannot be returned to the aeration tank and that the clarifier effluent sus- 
pended solids will be high. Operation in a bulking sludge conciition will 
eventually result In the loss of the mixed liquor over the weirs Into tho effluent. 
Typical approaches to curing bulking include treating the return activated 
sludge with oxidizing agents, such as chlorine or hydrogen perloxide, and 
improving treatment conditions so that the environment is (ess favorable to 
the growth of filamentous organisms. 



Aeration System 



Aef&tlon 
provides DO 
and mixing. 



Aeration serves the dual purpose of providing dissolved oxygen and mixing 
of the mixed liquor and wastewater in the aeration tank. Aeration is usually 
provided by either diffused air or mecj^anloat aeration systems. Diffused air 
systems consists of a blower and ^pipe distribution system that ts used to 
bubble air into the mixed liquor Mechanical aeration systems consist of a 
pumping mechanism that disperses water droplets through the atmosphere. 



Diffused Air System 



Moftt common. 



Diffused air systems are the most common types of aeration systems 
used in activated sfudge plants. The distribution system consists of 
numerous dlffusers generally located near the bottom of the aeration 
tank. The diffusers are located in this position to maximize the contact 
time of the air bubbles with the mixed liquor. 



Diffusers are designed to either produce fine or coarse bubbles- Fine 
bubble diffusers were used frequently In the treatment plants designed in 
the period from 1950 to 1970, because it was felt that the increased oxygen 
transfer efficiency" of the fine bubble diffusers was important, Unftirtu* 
nately, the fine bubble diffusers are easily clogged by biological growtfis 
and by dirty air, resulting in high maintenance costs* 



fine Bubble Diffusers 

The most common type of fine bubble diffusers are nylon or dacron 
socks and saran wrapped tubes. These diffusers have oxygen transfer 
efficiencies &t around eight percent. Sketches of these types of fine 
bubble diffusers are shown below in Figure lll-Z 

The major limitation of fine bubble diffusers Is that they are easily 
clogged. DMfusers ar^ self^sealing if dirty air Is pumped Into them. 
The diffusers are also subject to clogging because of biological 
growths. The air supply forall fine bubble diffusers should be filtered. 
Refer to Section I, "TROUBLESHOOTING'', for observations^whlch 
indicate diff user clogging. . ' 
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SKETCHES OF A NyiON SOCK, 
AND A SARAN WRAPPED TUBE 

FIGURE 111-2 

'Oxygen transfer elficiency is d^f ned as the arnount of o^cygen transferred to 
the water divided t>v tiie amount of oxygen supplied. 

Coarse* Bubb\e Dtttus^rs 

Coarse bubble diff jssrs are usually ie by drilling holes in pipes or 
by loosely attaching putes or discs to a supporting piece of pip3. 
Coar$e bubble dillusers have lower o^cygen transfer efficiencies than 
the hne bubble drffuseio. A typical oxygen transfer efficiency would 
be abojt S Percent Coarse bubble diffusers are becoming Increasmgly 
popular because of their lower costs and maintdnance 'Requirements. 

Many ot the treatment pi"f>ts surveyJ during the on-site visits had 
char^9^d ov^r to th& coarse bu^^ble diffuserrt and th< se plants reported 
that ihe coarse bubble diffusers were working quite welL The main 
terian needs v/ere reported to be sitbstantlaliy less than those of 
ihe tih^ i ?ble djitusers Figure lii-3 p.esents sketches of two types 
ot coafr>e l>cjbbte diffusers 





SKETCHES OF A SPARGER AND 
DISC TYPE COARSE BUBBLE DIfTUSER 

FIGURE IU-3 
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Mechanical Aeration syatema 



Turbfnt. 



There are two types of aerators In common use today. These Include the 
surface and turbine aerators. Surface aerators use a rotating propeller 
that pumps the mixed liquor through the atmosphere above the aeration 
tank. Oxygon transfer Is achieve^^ by the aerator propeller spraying the 
mixed ttquor through the atmosphere. Turbine aerators Increase oxygen 
transfer efficiency by creating turbulence In the a^a of the Hstog bubbles. 



Plotting Of 
plttform 



Oxygen trtnff tf 
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SurfacB ABiBtOfn 

Surface aerators either float or are mounted on supports in the aeration 
tank. MatdhatSp siuch as epoxy coated steet are used In the construe- 
tlon of surface aerators to reduce corrosion. 

The oxygen transfer efficiency of a surface aerator Increases as the 
submergence of the propeller Is Increased. Howeverrpower costs also 
mcrease because more water is sprayed. 

Oxygen transfer efficiencies for surface aerators are stated In terms 
of pounds of oxygen transferred per horsepower psr hour{(b 02/hp/hr). 
Typical oxygen Iransfer efficiem &s are about 2 lb 02/hp*hr, Surface 
aerators are sometimes equipped with draft tubes to improve their 
mixing characteristics. 

Another type of surface aerator used in oxidation ditches Is the brush 
aeraton which Is a horizoTuaily mounted brush located lur;^. the 
water surface. The brush is rotated rapidly in the wato.* to supply ;nix* 
ingand aeration. 

Figure MM shows a floating and a platform surface . .^ator. 

WATER SURF^ACE- 




TYPICAL FLOATING AND PLATFORM SURFACE AERATORS 
FIGURE 
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TuTDino Aerators 

Turbine aerators are used because of improved oxygen transfer effici- 
ency and lower horsepower requirements. Turbine aerators are most 
frequently used in complete mix activated sludge processes. Figure 
111-5 shows a typical turbine aerator without the draft tube. 
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TYPICAL TURBINE AERATOR 
FIGURE III-5 
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As the mixed liquor fiows out of the aeration tank, it is transferred to a sedi- 
mentation unit which Is commonly called a secondary clarifien The secondary 
clarifier provides a reduction in ffow velocity needed ^o allow the mixed 
tiquor to separate from the treated wastewater and settle by gravity to the 
bottom. Effective settling depends on maintaining the best balance between 
the microorganisms in the mixed liquor and the organic material contained In 
the wastewater to be treated. A good quality w^ctivated sludge is essential to 
achieve good settling characteristics. A process control parameter which 
relates to thfs balance IscsHed the F/M ratio. 

The design and constructloF' of secondary blarifiers for activated sludge 
treatment incorporates several methods for the removal of settled sludge. 
These generally include the conventional sludge collection equipment found 
in rectangular and circularipnmary sedimentation units /rhlch collects to a 
central hopper and, m recent yesarsi suction-type collectors as stiowr in Figure 
III-6 atermination and review of clartfier operational parameters are di$^ 
cussed in section 2,03, "PERFORMANCE EVALUATION." 
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Figure IJf^ 

Sludge Collector with Suction DrawTube^ 



3.03 , ACTfVAn£0 StUDGE PROCESS VARIATIONS 
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In the past many technical articles have been written, describing a nunr^ber of 
different variat.ons of the activated sludge process. Generally the processes 
included are conventional, tapered aeration, coo^plete nr^lx. extended aeration, 
ctep aeration, contact stabihzation, and the Kraus process. Unfortunately, 
these discussions l^ava been rather sinr^plifJed and they have not i<ept pace 
with our increasing understanding of the principles behind all the activated 
sludge processes. The articles nave been written with the design engineer 
rather thai) the operator in nr^ind. A related problenr^ is the fact that nr^ost 
articles discussing the application of process theory to operation do not de- 
scnbe th^ operation of these individtial process variations^ but^ rather^ descritie 
principles that are supposed to app!y to the process in general, or to the 
conr^plete nr^ix or conventional process nr^odes. Another problenr^ is fhat sonr^e 
of the focess variations'' are very difficult, such as the conventional and 
contact ^stabilization processes, and ci^erS are very nrlnor variations or nr^ore 
basic processes, £uch as tapered aeration. 

If one studies the oroblenr^, it beconr^es obvious that there are only two basic 
ways of lookiiig at < lestion of activated sludge process variations: from 
the standpoint of the various ranges of proce^o loading, and from the stand- 
point of the vanous physical arrangenr^ents of the process. The various levels 
of process loading are described by the F/M ratic and MCRT. The term, "physical 
arrangen^ents ' is used to refer to the structural arrangen^ori of the aeration 
tank as well as the various arrangements of the process streams that are used 
to provide flexibility. 
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Proc Loading Ranges 

Over the years a number of studies hava been conducted describing tlie In* 
fluence of process loading on the behavior of the activated sludge process, 
ThrMtaiic and most of these have Identified three basic rai^ges of process loading where 

loidtno mngii. the aeration solids can be successfijiiy settled making process operation 

feasible. The three basic ranges of process loading are shown ^n Figure III-7 for 
a plant operating on a typical domestic wastewater at a temperatijre of abbut 20 
degrees centigrade. For the purpose of thrs discussion, these loading ranges 
will be referred toas the high rate, noventional rate, and extended aeratlott 

Generally the range of process loading in which a plant Is to be operated Is 
Th^iotding not a matter for the operator to decide. In fact operators who try to operate a 

rinoiisi»fiin plant in a loading range other than that for which It was designed are usually 

iUffdbyd«iign. dtsappointed, and this practice is not recommended. Most plant of 1 mgdor 

more are designed to operate in the conventional range, althoL:3h many are 

designed to operate in the lower portions of that range to ensure that effective 

nitrification occurs. 



High Rate 

The high late loading range takes advantage of the settleabllity of sludge 
Ntttcominflniy treatment system is loaded at a (airly high rate. Generally, the 

ifMHi. I^vel of treatment which results is somewh t comparable to a typical 

high-rate trickling filter plant. Although the process can be applied effec^ 
tively in certain situations, large-scale use of this modification of the 
process at their 300 mgd Hyperion plants choosing to treat only about one 
better thaf^ It is at slightiy lower loadings, is apparently not good enough 
and this, combined with the higher level of soluble BOD, greatly reduces 
the treatment efficiency. The City of Los Angeles has abandoned this 
procc^ss at their 300 mdg Hyperion plant, choosing to treat only about one 
thtrd of their flow at conver^^ionai loading levels. Apparently the quality of 
the combined effluents consisting of 100 mgd treated by conventional 
activated sludge and 200 mgd treated with primary sedimentation only Is 
as good or better than the quality when the entire flow was treated by the 
high rate process. 



Conventional Rata 

For a typical domestic wastewater at about 20 degrees centigrade the con* 
Typical ventionai process operates between MCRT values of 5 to 15 days and F/M 

opiraiiMfor ratios Of 0.2 to 0.5 lbs BOD applied/lb MLVSS/day. Most large municipal 

m^diumind treatment plants operate in the conventional activated sludge 2one. Plants 

i<rgi*ii»d operating m the middle of this range produce an excellent effluent quality 

and do not nitrify. At the lower end of this loading range, an even better 
Nitrifientton effluent i$ sometimes produced^ although problems sometimes occur 

iiKwirindof when the plant slips slightly or gd^s completely Into nitrification, which 

i9idinor«n0i. often results m operational problems such as rising sludge in the ctarifiers, 

the appearance of filaments in the sludge, and the formation of a brown, 

greasy^appearing foam. 
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Filamenteous growths and poor sludge settleabllity have b^en associated 
with the conventional pro(^ssat the upper end oUhls loading range. Dis- 
persed growth and a ciouoy effluent are also quite common. Usually the 
operator can see this sort of condition coming by plotting a trentj of the 
organic loading In his treatment process (either the F/M ratio or the actual 
MCRT). Other signs of a more physical nature may also be used by the 
operator to evaluate an *!pv6rloaded" condition. For example, once high 
loading levels are reached, a stiff, white detergent-type foam Is^ often 
observed on the aeration tanks. 



Extended Aoratlon Rate 



with sfna1l#f 
WAS than 
plant 



OccistonsI 
wtitlnQli 



Pin f roe U 
frequtnt 

Otrtltffllcttlon 

Ititltc* 

problem 



WHtlnQis 
ntcdtftsry. 



The lowest range of process iQading where successful operation may be 
accomplished is the extended aeration range. Generally plants operating 
in this range are small in size and do not receive 24 hour supervision. Such 
plants are very conservative in design and generally operate with an ^ 
MCRT of 20-40 days and F^M ratio of 0.05 to 0.15 lbs BOD ^plied/lb 
MLVSS/day;^based on typical domestic wastewater at a temperature of 20*" C. 
The extended aeration process is sometimes referred to as the ''total 
oxidation process!'. This name Is derived from the fa:t that these plants 
are designed with such low loadings that the simple kinetics theory ^sed 
to describe processes of higher loading would predict that all of the in- 
fluent BOD will be converted to CO2- This Is why some manufacturers 
claim that no wasting Is necessary for their extended aeration designs. In 
actual facti there Is no such thing as the *'Total Oxidation Process'* and 
even after extremely long periods of aeration, suspended matter remain In 
the effluent* Although sludge wasting need not be conducted on a dally 
basis In plants operating in the extended aeration range, occasional wast- 
ing i3 an absolute necessity. 

Often the effluent of the extended aeration processes contains small pin- 
point f toe which may be observed paaslng over the weirs of the secondary 
clarlfier. When the loading In an extended aeration plant Is In the hj^her 
portion of the llSading range, a number of operating problems may occur. 
Because the entire extended aeration range is In the nitrification, zone, 
denltrlficatlon and rising sludge problems may result. Also the same 
brown* greasy foam, filaments, and poor settleabllity mer^tioned In dis- 
cussion of the conventional process at low loadrng may occur under these 
circumstances. If possible, these problems may be improved by using 
additional aeration capacity or decreasing the level of Ml^SS. 

Other probiemsassociated with the extended aeration process have todo 
with the fact that some sludge must be wasted and tt>at many operators 
have been tdd that wasting ts not necessary, indeed* many small extended 
aeration plants have no facilities installed to make wasting possible. 
Under these circumstances* it is not uncommon for sludge to creep over 
the clariffer weirs whenever fluctuations In flowoccur. Unfortunately, this 
results in a significant reduction in removal efficiency. 
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If the operator of an extended asrtion plant frequently experiences losses 
of solids over the effluent weirs, there are two remedies which can be 
used; regular sludge wasting, and flow equalization. Of the two, sludge 
wasting is by far the most important. A conscientious operator should 
keep track of the solids he intentionally wastes, and the solids that go 
over the effluent weirs. In this manner, the plant can be operated to achieve 
a specific value of MCRT. 

If plant design provisions have not been made for sludge wasting, the 
operator should attempt to improvise some sort of temporary or perma- 
nent method. Depending on the specific design of the plant and the 
geography and environmental conditions around it, the operator may be 
able to arrange for constructing sludge beds or lagoons for wasting 
facilities. The sludge from plants of this sort is generally already "aero- 
bically" digested: and therefore, if tt Is placed directly on a sand bed for 
drying, or in a lagoon, it will generally not havea foul odor. 

Even when regular wasting is carried out, a high degree of flow variation 
in extended aeration plants will often cause solids losses. This is probably 
due to the particular characteristics of the ftoc produced in the low loading 
range as well as to the flow variations themselves. Jn some cases, if the 
aeratton tank is large enough, the operator can design a makeshift system 
whicfi will allow the use of the aeration tank as a flow equalization device. 
Minor modifications of this sort will go a long way to improve suspended 
solids removal in plants where losses are primarily due to Jiydraulic 
fluctuations. 



Physical Arrangements of the Process 
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As mentioned previously, the term ''physical arrangements'* is used in this 
discussion to describe the structural arrangement of the aeration tank as well 
as to the various arrangements of process streams that are used lo provide 
process flexibility. Using this sort of description there are only three physical 
arrangements which are presentfy usQd to ajiy great degree in modern acti- 
vated sludge plants in the United States. These are complete^mix activated 
sludge, plug*flow activated sludge* and activated sludge with reaeration. 
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Complete Mix Activated Sludge 

In an icfeaf compfete-mix activated sludge plant, tfie consents of the tank 
are completely homogeneous. In order to ensure that this is achieved* 
special arrangements are often -employed to gnifonmly distribute the 
mJluent and withdraw the effluent from the aeration tank. Attention to the 
tank shape and to intensive mixing is important. There are a number of 
means whtch the operator may use to evaluate the degre^e to which his 
partic^ular process operates in the complete mix mode. First and forernost 
the enttre contents of the tank should be completely uniform. This can 
be confirmed by measurements of dissolved oxygen and suspended solids. 
If the tank is thoroughly mixed, these measurements should be nearly 
uniform, Oye studies may also be used and will provtde even more accurate 
information; however* conducting thes^ studies is usually beyond the 
capability ol a typical treatment plant. 
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The complete mix process is important because it operates well, but also 
, because most laboratory and pHot scale^tudies use this proce^an^ange- 
ment. i 
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For this reason, the complete-mix process is probably the best understood 
of the three bast6 process arrangements that will be discussed here. In 
fact most of the information developed by the research community can 
be applied to the complete^mix process with much less reservation than 
It can toother processes. 

As a general rule, the complete^mix process is a very stable process 
which is resistant to upsets from shock loads of all kinds. This Is a direct 
result of the fact the shock is almost uniformly spread throughout the 
entire aeration chamber. Some of the stability of this process mayaiso be 
due to the fact that the same environment prevails throughout the entire 
tank. As a result, a relatively uniform population of microorganisms are 
developed in an environment which Is nearly the same throughout. 
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Evidence to date does not show any special operating problems which 
are unique to the complete-mix process, however, there are a few 
comments that can be made about the proces's in general Some people 
express concern about the fact that some of the wastewater may be 
immediately transported from th$ influent to the effluent end of the 
aeration tank without receiving much treatment. A strict application of 
the principles of chemical engineering to such a physical arrangement 
would Indeed suggest that It may be less efficient than others. (However, 
the data available at present on the relative performance of the complete* 
mix process show that it Is just as efficient as other process arrange^ 
ments. It would appear that the application of a rather simplified chemical 
engineering view of the complete^ml>c theory overlooks other facts which 
are of overriding importance. 

The other major area of comment with regard to the complete^mix process 
has to do with sludge settleability. There is considerable evidence accum- 
ulating to the effect that the complete^mix process ma/ operate with a 
higher t/pical level of SVI or lower settleabillt/ than do competitive 
process arrangements. Insufficient evidence is available at the present 
tim^ to prove or discount this contention, however, It Should be recognized 
that the settleabilit/ of complete-mix sludges is generally well within the 
range of normal operation and th^ competitive process arrangements 
which develop ftoc having lower SVfs during operating conditions also 
have more inconsistent operation. ^ 
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A schematic of a typical complete-mix activated sludge process is pre- 
sentedon Figure ll(-8. 




Sludge 



COMPLETE MIX ACTIVATED SLUDGE 
FIGURE III-8 
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In an ideal plug-flow plant, both the untreated wastewater and theyf^rn 
sludge are introduced at the head end of the aeration tank and thS mixed 
liquor is withdrawn at the opposite en<j, A pulse of dye added at one end 
the tank would emerge at the other end exactly as it had entered altera 
delay equal to the hydraulic detention tim& Ideally the flow passes through 
the aeration tank as a plug^^ without much longitudinal mixing {mixing In 
the direction of flovv). Because the tank must be aerated, however, longi- 
tudinal mixing canno* be avoided. Generally^ long serpentine patterns of 
flow and aeration tn a spiral pattern are used to encourage plug^flow char- 
acteristics. The best means for approaching plug^flow characteristics in 
an aeration tank, however, -is to compartmentalize the chamber mto a 
series of completely mixed reactors. A series of 3 or more compartments 
will do as good a job as some of the best '*plug-flow" designs of the 
traditional sort, and a greater degree of compartmentalization will provide 
flow characteristics even closer yet to the plug flow ideaL Many plants of 
conventional design can modified to improve their plug-flow character 
istics by the use of iignvve^ht partitions to compartmentalize the aeration 
tanks, ' 

The plug flow process is more susceptible to adverse effects from shock 
loads than theother processes. This is because the shocks are applied to 
the mtcroo^amsmsat the head end ofthe tank at maximum concentration. 
Adequate dissolved oxygen levelji are difficult to maintain at the head end 
of the process because Such aArge oxygen demand is exerted in one 
location. The tapered aeration process is an effort to deal with this Problem. 
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Tapered aeration is designed to solve this problem by adding greater 
amounts of air at the head end of the tank where rf^ost of the demand is ex^ 
erted. In one form or another^ tapered aeration is used In most modern plug^ 
flow activated sludge plants and it should not be considered as a completely 
independent process option, f 

Despite the shortcomings resulting from shock loads and difficulties 
encountered in maintaining adequate^dissolved oxygen, the plug-ftJDw 
process remains very popular and some of these plants are consistently 
producing some of the best effluent. Studies have shown that the varied 
conditions which the sludge is exposed to as it passes through the 
aeration tank produces a healthy and dood settling sludge. Plug-flow 
activated sludge plants are very effective where the wastewater is mostly 
domestic and good industrial waste control Is practiced. 

A schematic o^a typical plug flow ^tivated sludge process is presented 
on Figure III 9. 
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Activated Sludge with Sludge Reaeratlon 
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Whereas plug flow and comptete-mix are essentially variations in aeration 
tanK design and mixingr the sludge reaeration processes are variations in 
the arrangement of the process streams. All sludge reaeration processes 
involve stabilization by aeration of the return sludge prionto its contact 
wrth the untreated wastewater. Most examples require different ratios be~ 
tween the amount of return sludge under aeration and/the amount of 
sludge in the contact section of the process. Contact stalMlzation (Figure 
III 10) and step aeration (step feed} (Figure 111-11) are two of the most 
popular variations of sludge reaertion. In their typical arrangement* these 
two processes represent the extremes of the contact/stat)ltizatfon ratio, 
however^ both of them have established a successful record of perfornv 
ance. In fact, successful process installations with contact/stabilization 
ratios over the whole range between csntact stabilization and step feed 
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can be foumJ tn great numbers.^Most of these processes have definitely 
been shown to greatly increase the capacity of the activated sludge 
process to handle high organic loadings tn smaller aeration tank volumes 
and some have argued that they are also more resistant to shock loading. 
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CONTACT ST>1BILI2ATI0N ACTIVATED SLUDGE 
FIGURE III-IQ 
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The various arrangements of sludge reaeration have been studied much 
less on a laboratory and pilot scale basis than have the other basic process 
arrangements^ compJete*mix and plug-flow. Of the three basic process 
arrangements discussed here, the sludge reaeration processes are the 
least well understood. On the other hand, they are processed which have 
demonstrated'great potential. 

Hov/ever, a certain amount of information is available on the behavior of 
the sludge reaeration processes based on field and pilot scale data. This 
data will be used to describe the processes and their behavior to the 
extent possible. 

First of all, although volumetric loadings for the sludge reaeration pro^ 
cesses m^ be considerably higher th^n for the two processes d^cribed 
previously, the overall F/M ratios or MCflT values which may be used for 
operation £»re in about the same range, i.e., in the range which has been 
described as conventional activated sludge (F/M values of 0.2 to 0.& and 
MCRT values of & to l&days). In doing these catcutations all the solids in 
the process should be irn^uded in the solids inventory and F/M calculations. 

Although it has been adequately demonstrated that the ratio of solids in 
the contact section and in the reaeration section has a significant impact 
on the degree of removal of certain compounds sucl^as ammonia, the 
removal of organic mater^l (COD or BOD) from domestic effluents does 
not seem to be significantly affeoted over a very broad range of contact/ 
stabilization ratios. For this reason, the effluent quality seems to be about 
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STEP FEED AQTIVATEO SLUDGE 
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the same in processes ranging from step aeration, wliere tlie reaoration 
section is usually quite small to the contact section. All organic wastes 
ar^ not of exactly the same nature. If removals of organic nnaterials are 
not a^iigh as dxpectetJTthe operator ^hould consider taking measures to 
increa^ the f/action of the sludge inventory which resides In the contact 
section.Yhe tnost sErpple means of accomplishing this is to increase the 
recycle ratio. If this measure has been used to the limit of its value, other 
options afe frequentty available. Among the most important of these are 
the distribution of raw wastewater feed in a step aeration design and the 
addition of anothertank to the contaci section in others. 
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Most Of the benefits of sludge reaeration are achieved if the organic load 
present is mainly in the colloidal state. Generally, the greater the fraction 
of soluble BOD, the greater the required contact time. As a result, the 
required total aeration volume of this process approaches that of the 
conventloani process as the relative amount of soluble BOD in the waste^ 
water increases. 
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The control of sludge return assumes much greater Importance in the 
sludge reaera\i9n processes than it does in the other activated sludge 
variations. For example, the rate of x^X^r^ (or the recycle ratio) affects not 
only the solids balance between t ie contact and stabilization sections, 
but tt is also very important for controtlino the overall solids inventory 
and the concentration of solids in the contact section. 
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If the rate of return ts controlled in reaeration processes In the same 
manner as v^s suggested for complete mfx and plug^flow some problems 
would result. For example, if the return were operated according to the 
level of the sludge blanket in the secondary clarifier, the reaeration bays . 
would always be full of sludge which would be at the maximum concen^ 
tration that could be achieved in the clarltier. Chances are this concen^ 
tration does not correspond to the proper P/M ratio for operation. 1^ the 
recycle ratio is increased beyond this level, some water wifl be mixeo m 
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With the solids and the con cent rati on In the reaeratlon bays would be 
reduced. Thus, It Is possible to adjust the ratio of the solids In the contact 
and reaeratlon bays through the use of the rate^of^return. 

This same phenomenon j$ also important In controlling solids wasting in 
a sludge reaeratlon plant. For example, If the return rate Is set up so th^t 
the r.iaximum concentration of return is always provided when wasting Is 
attempted, the rosutt will always be to reduce the concentration of sludge 
In the contact section without substantially {nfluenclnj the concentration 
In the reaeratlon section. 

In general, the sludge reaeratlon proce)Sses are a very good means of Im^ 
proving the capacity of a given set of aeration tanks to handle a h^her 
BOD load Operators having overloaded plug flow or complete-mix plants, ^ 
should consider alterations to accommodate some sludge reaeratlon If 
possible. Many times this conversion can be accomplished with only a 
small investment in additional piping. One of the blg^advarttages of the 
reaeratlon processes Is they reduce the solids loading oj>{he final clarifiers. 
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4.01 INTRODUCTION 

An essential J^ol tof proper process control is frequent and accurate sampling 
L*bof»tofY 30 laboratory control teste. By relating the lab test results to uperation, the 

•c»*niii»**«i operator can seiect the most elfective operational parameterSi determine the 

* eificiency ot h^s treatment processesi and identily developing problems 

beior^ Uiey senousiy affect effluent quality. Therefore, laborato>7 facllitips 
play an imporlant rcie m the control of ar^ aerobic biotosicaJ treatment facilif . 



4.02 LABORATORY SAMPLING AND TESTING PROGRAM 
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Good sampling procedures are the Key to meaningful laboratory analyses. 
A typical sample represents only a ^mall fraction of the total flow, and great 
care must ext«cjsed lo ensure that the sample is representative. If this Is 
not avcompiished. the subsequent analytical data is worthless for process 
' .ontroL Therefore, the importance of good and accurate sampling techniques 
cannot be overstressed 

The exact location of ^.^mpimg points within a given treatment plant canr.ot 
be specilied because of the varying conditions and the plant design. How- 
ever, it \S possible to present certain general guidelines which are presented 
on Figure IV t 

T^.'O types of samples may be collected^ defending upon the purpose of 
sdinpling. The first is a dip or "grab ' sampling which consists of a single 
portion collected at a given time. The second type of sample Is a "ccnposite" 
san^pie that consists of portions taken at known times and then combined 
m volumes that are proportional to the llov; at the time of sampling. Tnese 
combined portions produce a sample which is representative of the waste- 
water char^'jferis- Over the entire sampling period. 

The preferred sampling procedure, except ^ ^certain lab fests which must be 
run immediately (D 5^0. ed Oxyoen. Temperaturei pH). is to collect hourly 
samples lor 24 hours with the voijme of sample in proportion o the waste^ 
vater flow rata When available and where possible, automatic sampling 
devices should be employed. The sample contain " and sample lines should 
be frequently cleaned to r/ujvent samole cor <tiuination. The hourly gmh 
samples should be composited into a labeled plastic gallon bottle and kept 
refrigerated at 3 or 4* C. to preven* bacterial decomposition. For some tests 
^such as the nitrogen test3)i other methods of preserrdtion may be needed, 
refer to Standard Method^ ^or recommended preservation procedures, A final 
composited sample volume of 2 to 3 liters is usually sufficir iit for conducting 
r'^utina tests. Where collection of an hourly sample is not feasibit, a I or 3 
hourly sampling procedure is the next best alteij^ative. The sampling method 
and time of sampling should be noted upOn the lab record (log) sheet as 
reference for later data review and Interpretation. 
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Gr ab Samples 

Grab samples are representative of . ; instantaneous characteristics of the 
wastewater II it is only possible to collect crab samples, they should be 
collected v/hen the treatment plant is operating Pt peak flow conditions. 
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Sampling point should be readily 
accessible and adequate safety 
precautions should^ be observed. 




KLSS samples should be collected 
at a convenient distance from the 
<;1des of the aeration basin. 



Ho deposits or materials should be 
collected from the side walls or 
the water surface* 



BjkSIN 




Sample must be taken where the 
wastewater is m'/^d and of 
uniform composition. 



MtXED 




Large or unusual particles should 
not be cC/Uected with routine 
samples. 




Sample should be delivered and 
analyzed as soon as po*jSlble. 
Stored samples must be 
refrigerated at 3 to 4** C* 
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Sample collection shoutd be conducted systemattcally at various sampling 
locations durrng the flow sequence through the plant. Grab sampUng times 
may be systematically staggered to account for the respective hydraulic 
detention ime of each unit process. In this manner, a slug of water may be 
theoretically followed through the treatment plant. For example, if the hy^ 
draultc detention period through d particular unit process unit Is two hours, 
then the grab sample of the effluent from this unit should be colfecteu two 
hours after the influent sample. In this manner, the sa^^u^|es can be assumed 
to be representa^'Ve of the wastewater befoie and after treatment. 



ComposKe Samples 
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Con(poS(te samples generally represent the wastewater characteristics over 
a spf^C(f»ed period of time. The ideal procedure incorporates the use of 24- 
hou composite samples consisting of hourly grab samples proportioned to 
the flo/v at the tirne of sampling. This procedure is only feasible In treatment 
facilities with 24-hour attendance or where automatic samples are warranted. 
Adequate results, howc>^er, can generally be obtained from analysis of com- 
pos'te samples coilected over a shorter period. In those Tacilities where 
automdtic samplers are .lot available, collection of composite samples during 
the number of shifts worked would be sufficient as long as peak flow periods 
are inciuded. A total composited sample volume of approximately three liters 
ib generdUy sufficient to perform the routine process control tesis 
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MLSS Sampling 

MLSS samples taken to develop an estimate of the amount of solids in 
the aeration tank should always be taken at the same time of the day 
and should always be taken from several piaces along the tank section. 
Ordinarily only one solids analysis need be conducted on a composite 
made up of samples taken from every quaorant of every tank. Analysis of 
rndivldual samples should also be conducted occasionally to develop addi* 
tlonai information about the condition of the process. Composites fom 
aeration tanks of different size can be prepared by first combining equal 
volume samples from each tank quadrant, and then combinmg the tank 
composites. 

When Samples of the mixed liquor are taken, a composite should be 
prepared from samples withdrawn from all the tanks under aeration. If any 
of the aeration ta^k^ ^^re of different size, the sample should be taken in 
proportion to tanK size. Occasionally, the MLSS concentration in each 
lank should be measured, f^oi example, suppose an operator is to collect 
a MlSS sample which is to be representative of a complete mix plant 
having 3 aeration tanks with a volume of 0.4 mil. gal. and 3 new aeration 
tanks having a volume of 0.6 mil. gal. One liter of MLSS has already been 
collected from each tank How much should be taken from each of the six 
one t*t©r samples to prep<rfre a 1 liter composite that Is representative of 
all the aeration tanks? 
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For Ihe 0.4 mil ga; tanks, volume 



i0.4){ I. O liter) 
(3 X 0.4) + (3 X 0.6) 



= O.iauterdSO ml) 
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Hor the 0.6 mil gatlanks, volume ^—^—^^ — (ii^'M^ = 0 2 Uters(200 ml) 

(3 X 0.4) + (3 X 0.6) 

Total Volume = (3 x 0.13) + (3 x 0.2) =: 0.99 liters '990 mi) 

Composite sampling for processes operating in the step feed and sludge 
reaeration modes should be conducted in the same manner described 
above and shown in Figure IV-2- 

Once Ihe composite sample is made to represent all of the tanks it should 
be proportioned to the aerati n influent flow rate (either raw wastewater 
Or prrmary ef lluent flow rate)- As stated above, composite samples repre- 
sent wastewater charactenstics over a specified period of tline. Generally 
a total composited sample of 3 liters is ade<^uate tc perform routine 
process control tests. Therefore, the total amount of sample required, the 
number of samples required, the rata of flow at the time of sampling, and 
?he estimated average Uaily flow rate, can be used to^alcuU^e the amouni 
of representative aeratton tank sample to be composited during each 
sampling penod to represent the daily flow. This mcy be calculated using 
the following equation. 

Amount of sample tocollect. ml =: 



(Kate o! How, mgd Jime of sampling) (Total sample required ml) 
(Number of samples collected) (Average daily flow, mgd) 



Ex3mph Ca/cu/af/on 

A Data Required 

1. Rate ol flow at ttme of sample coilt.vtion ~ 15 mgd 

2. Total sample volume required. Note fvil - (liters) (1000) = 3 
Iilersor3000 mi 

3. Number of samples 10 be collected = 8 

4. Average daily Mow = 0.9in9d 
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Determine ^ine amount of sample to beoollected *or the present 
(low rate m milliliters. 



C«kuUiionf» ^ ^ 

compoiiw Amount or sample ^ ^ 

uinplltid. 

tocollect ml j Rsi*^ flow, mgd) (Total sample requlredi ml) 
(Number of samples) (Ave. dally flow, mgd) 



(1-5 mgd) (3000m l) 
(8) (0.9 mgd) 



r 625 mi 



This equation may.also be used to composite other sample-;^ taken 
from the plant. 
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The specific laboratory tests and frequency which they are performed for 
process control and performance evaluation will vary from plant to plant de- 
pendino on the variation of the activated sludge process, Its size, laboratory 
facilities provided, process control method used, available manpovC'er. and 
technical skills. A typical sampling and testing program for an activated 
sludge process is presented on Figure IV-2. 



4-03 LABORATORY CONTROL TESTS 
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This section of the manual is provided to increase understanding and to 
develop an appreciation of laboratory control tests. 

The tests discussed are those necessary for routine process control w>^en the 
biologtoal system is operating properly. Additional analyses and increased 
frequency of analysis for the routine analysis may be required for abnormal 
conditions. Specific suggestions are made for abnormal operation In Section 
L "TROUBLESHOOTING. Howeveri the operator must rely upon his own 
judgement to determine which analyses he needs to conduct to supply the 
information that he desires. 



Typical worksheets have been provided in AppendiK A to assist the operator 
in developing systematic data collection^ calculation, and recording. Pre^ 
cautionary procedures are presented for each of the tests presented in this 
ttwkthaMB section to make the operator avjaia of the common pitfalls. Except where a 

povirfttf. speclf(c note i£ madei ail analyses are referenced to the fourteenth edition of 

"Standard Methods for the Examination of V 'ater and Wastewater". 
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Biochemical Oxygen Demand(BOD) 



\ 



TheS*<f«y 80D 



The biochemicai oxygen demand is determined by incubating a sampie of 
known voiume m the presence of microorganisms, excess nutrients, and 
dissoived oxygen. A properly conducted GOD analysts will have organic 
matter as the growth limiting substance. If oxygen is limiting^ the analysis is 
not meaningful. 

i 

The BOD is an index of the amount of oxygen that will be consumed by the 
decomposition of Ihe organic matter in a wastewater. The analysis consists 
of measuring the initial dissolved oxygen concentration* Incubation for five 
days at 20"" and measuring the finaT dissolved oxygen. The difference in dis- 
solved oxygen concentration corrected for the initial dilution and sample volume 
Is called the BOD. The BOD test ic related to both the organic loading upon the 
biological process as well as the removal efficiency of the process. The 
difference between the SOD applied and the GOD leaving the process is equal 
to the BOD removed by the process. This difference is part of the data required 
to determine the loading upon the process. For example, the organic foadlng 
upon the activated sludge process is expressed as the pounds BOD applied 
per day pound of mixed liquor volatile suspended solids (lbs GOD/day/lb 
MLVSS). The efficiency of the process is detennined by the following formula: 

BOD applied. Ib/day ■ BOD leaving, lb/day x 100^ ^ efficiency, % 

BOD appliedjb/day 



thts determination, the aeration tanK and clarifier are consideredi as one 
system. 



Precautionary Procedures 
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When performing BOD analyses the following procedures should be 
followed in coniunction with the procedures outlined in Standard Methods. 
1) A minimum of two dilutions per sampfe should be used. Only 
analyses wilh oxygen depeltlons of greater than 2 mg/l but with 
no less tlian a residual of 2.0 n^-g/f after f^ve days of Incubatron at 
20 C should be used to calculate the BOD. Generally* the highest 
value calculated should be usea to represent the BOD. 

2 Samples should be wei; mixed before the dilutions are made. A 
wide tip pipette should be used for making the dilutions. The wide 
tip does not clog with suspended solids. 

3 .Samples and the dilution /vater must be carefully added to the 
BOD bottle to avoid aeration and the possibtHty of entraining 
bubbles tn the solution. ^ 

4) The BOD ir cubator must be maintained at 20** ± r C for the 
entire 5 day (Note; 120 hours) period. Record the temperature of 
the incubator from aNBS certified thermomete*' placed In a beaker 
of watei in the incubator 



\ 
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5) If the BOD value of the moro dilute sample is always greater this 
may indicate that there is some toxic material in the wastewater, 
which is inhibiting the bacteria, A series of dilutions should be set 
up and run. If the BOD is Increasing with higher dilution, this may 
indicate a condition known as a toxic slide. Further analyses 
should be conducted to determine the nature of the toxic material, 
and if it appears that the concsntratlon of the toxicant is significant, 
efforts should be initiated to identify the source and reduce the 
concentration of the toxicant In the wastewater. 

6) Use of a primary standard Is strongly recommended. The standard 
should be made of g cose— glutamic acid mixture— and it should 
be made up at a BOD near those levels in the treatment plant 
influent. The primary standard should be made up and analyzed 
weekly. Any significant variation (mort) than ± 20%) should cause 
the operator to be suspicious. Efforts should be undertaken to re- 
view the laboratory procedure, and find out what is causing the 
problem. Each operator should analyze the standard and the results 
should be within ± 10%. Operators not falling within this range 
should review their laboratory techniques, and make the appropriate 
adiustments. 

7) Wastewaters that have been partially nitrified may produce high 
BOD results. The increased oxygen demand results from the 
oxidation of ammonia to nrUaten The use of allylthiourea in the 
dilution water vill inhibit the nitrifiersand alleviate this plobl^m. 



Chemical Oxygen Demand (COD) 



COD lsf«it«lNl 



The COD IS an estimate of the total oxygen demand that results from thede- 
gradable organic matter. The analysis consists of oxidizing the organic 
matter with potassium dichromate in a heated strongly acidic solution. 



White the BOD analysis is an index of the t ^degradabie organic matter, it is 
not very useful for process control because ot (he five day lag in time. The COD 
test is rapid {3 4 hours), it is not subject to interferences from toxic matenafs* 
and It is not affected by ammonia oxidation. 



ThiCODl& 
b^Uir for 
procis* control. 



The COD removal of a biological process ts directly refatable to the amount of 
biological growth that can result from this removal. The COD analysis suffers 
from the disadvantage that it does not measure the rat^ of or biodegrability 
of matter removal, and therefore it is difficult to predict the effects of effluents 
on the Oxygen resources of receiving waters and the treatability of a particular 
wastewater. 



Precautionary Procedures 



Thiinityit 
cnun ffiUbliih 
hk itrliblllty. 



When performing the COD test, the following procedures should be 
'ollowed in conjunction with those outlined in Standard Methods. 

1) Initially, the analyst should run triplicsfte sanfiples to establish the 

variabitit^ of his analyses. Once this variability is established. 

samples can be analyzed without replication. 
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2) Use a wide tip pipette to ensure that a representative sample is 
taken, 

3) Glassware used for the COD analyses must be vi/ashed vi/ith hy* 
drochloric acid, hot vi/ashed, and rinsed three times with distilled 
water. 

4) Extreme caution and safety precautions should be practiced when 
handling the chemical . '^agents for the test. Goggles, a rubberized 
apron and asbestos gloves are essential equipment. 

5) If a sample mixture turns green during or immediately following 
the heating period, the analysis is not valid and should be re* 
examined in a more dilute sample. If the problem reoccurs, then 
the laboratory technique should be reevaluated and the sample 
should be checked for likely interferences, such as high chloride 
concentration or the presence of a strong base. 

6) A primary standard consisting of potassium acid phtalate should 
be analyzed on a weekly basis to ensure that the analyses are con* 
sistent. The COD concentration of the standard should be near 
thp level of the COD of the wastewater, (See Standard Met!<ods.) 

Soluble COD and BOD 



The discussions on SOD and COD have been limited to the measurement of 
SoiuDifrCoo *<''al COD and BOD. The soluble BOD and COD are more meaningful for 

«ndBO0. measc^>ng performance (conversion of food to cell growth). The soluble BOD 

or COD '^determined inexactly the manner described above, except that the 
sample is filtered through a membrane filter prior to the analysis. The use of 
this filtering apparatus is discussed under the suspended matter analysis. 



r 
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Settleable Matter 

The settleable matter test (afso known as the Imhoff Cone Test) is a measure 
of the volume of solid matter that setlles to the bottom of an imhoff cone in 
one hour. The volume of settled solids is read as miMihtgrs per liter (ml/l) 
directly iro.ii the Graduations at the bottom of the Imhoff cone. 

This lest IS of v^lue m providing a quick and efficient check of a sedimentation 
unit. Addt.ionally* a rough estimate of the volume of solids removed by the 
sedimentation unit can be madn. Only a trace of settleable solids should re- 
main in the secondary effluent, Po-r settleable matter removal may indicate 
the following related problems which may occur in sedimentation basins. 

Primary and Secondary 

1) Hydraulic overload. 

2) irregular flow distributions to multiple units 

3) Excessively high velocity currents. 

4) Effluent weirs of uneven height— Short circuiting- 
^) Improper sampimg technique. 

6) Improper raw sludge removal r'ltes 
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Secondary on!/ 

1) Biological upset. 

2) Improper raS pumping rate 

Precautionary Procedures 

When performing the settleable matter test^ the follov/ing procedures 
should be followed m conjunction with those outlined m Standard Methods. 
1) Take a sample volume greater than one liter. 
Use grab samples for this analysis. 

Fiil the Imhoff cone exactly to the one liter mark in one rapid pour- 
ing without stopping. 

Arter the sample has settled for 45 minutes, either gently tap the 
sides of the cone or gently spin the cone between the palms of 
your hands to settle those solids adhering to the sides of the cone 
above the compacted settled layer at the bottom of the cone. 
Read and record the volume of settled matter (ml/1) at the end of 
one hour. Read the graduation at the average solids depth and not 
at a peak or void area on the surface of the settled solids. 



2) 
3) 

4| 



5) 



Total Suspended Matter 
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The suspended matter test refers to the solids in suspension that can be re- 
moved by standard filtering laboratory procedures. The suspended matter is 
determined by filtennq a known volume of sample through a weighed glass 
fiber or membrane filter disc in an appropriate filtering apparatus. The filter 
with the entrapped solids is oven-dried at 103" - 105* C and then cooled in a 
desiccator and subseauently weighed. The increase in filter weight represents 
the suspended matter 

The significance of the suspended matter test is generally dependent on the 
type of treatment process and the location of measurement within the process 
application. Results of the test have the following uses In process control. 

1) Evaluating the organic strength of the wastewater. 

2) Evaluating clarifier solids loading. 

3) Determine the sludge recycle rate by calculation 

4) Calculating clarifier solids capture. 

5) Estimating the solids inventory. 

Volatile Suspe nded Matt er 

The volatile suspended soilds test is performed by volatilizing the non filterable 
residue from the total suspended solids test. This volatilization is done by 
burning in a furnace at about 550*" C. The results of this test Indicate the 
amount of volatile and nonvolatile solids con tained in the sample. 

This test IS 3n jndex of the quantity of microorganisms in the activated sludge. 
The test has the same significance as the total suspended matter test with 
two additional applications which are the determination of F/M ratios and the 
MLSS levels to be maintained In the aeration basin of an activated sludge 
plant. 
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Precautionary Procedures 
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When performing tho suspended matter test» the following procedures 
should be followed m conjunction with the procedures outlined In Stand- 
ard Methods. 

1) The sample must be thoroughly mixed prior to taking a sample 
aliquot- ) 

2) Do not use asmatl'tipped pipette to measure the sample aiquot. A 
wide-tipped, pipette should be utilized to permit passage of the 
larger solids and to facilitate rmslng. An alternate method of 
obtaining a sample aliquot would be to pour It Into a graduated 
cyttnder- 

'J) Rinse all adhering solids from graduate (or pipette) with distilled 
water Pour rinse water through the filter. 

4) Test results that appear faulty or questionable should be dis- 
regarded. 

5) It is important to always maintain a temperature of between 103 - 
105* C in the drying oven. The temperature must be monitored 
and recorded tn a recot^d book 

6) Be sure that the filter is property seated in the filtration apparatus 
before pouring the sample. This is easily accomplished by wetting 
the filter with distilled water, then applying vacuum to the filtra- 
tion apparatus- 

7) Samples containing high solids levels may require more than one 
hour to completely dry. This is especially true of return sludge 
samples. 

8) Be consistent in the length of time the filter apparatus and paper 
are allowed tc ool in the desslcator both before and after filtering. 

9) Use Whatnan GF/C filters and a millipore filter apparatus with 
sintered glass seat for this analysis. 



Nitrite Nitrogen 
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Nitrite (NO2) IS an intermediate oxidation state of nitrogen between ammonia 
nitrogen and nitrate nitrogen. Nitrite is transatory and readily amendable to 
both bacterial oxidation to nitrate or reduction to nitrogen gas depending 
\ environmental factors such as dissolved oxygen and microbial conditions. 

The nttrite concentration can be used to monitor how well nitrification is 
progressing m a treatment process. High nitrite concentr^ions indicate incom- 
plete nItrlficationT and could tead to problems, such as high chlorine and 
oxygen demands. 



M 



Procautlonary Procedures 

When performing the nitrite nitrogen test, the following procedures should 
be followed In coniunction with the procedures outlined In Standard 
Methods. ♦ 

1) Use extreme caution Ir^ handling the chemica; reagents to avojd 
Injury or damaged clothing. 
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2) Due to the instability of nitrite {UO2), the cpmposlte samples used 

for the nilriWanalysis should be preserved by cne of the followic*g — ^ 
methods: {a) fr^^^g, or^(b) addition of 5 of chlotoform/l of ^ 
sampla in general|t is advisable to analyze only fresh grab samples 
fqr nitrite. — 

3) The samples must be oool when the analysis is performed or 
erroneous resuhs will be measured, 

4) Deviation from standard procedure may yield erroneous results. Be 
consistent in your laboratory technique. 



NItfete Nitrogen \ 

Nitrate is seldom found in raw wastewater or primary effluent, because 
facultative microorganisms can readily use nitrate as an oxygen source, in 
the biological treatment process, the ammonia nitrogen can be microbio* 
logically oxidized to nitrite and then to nitrate depending on the microorganslms 
present and the environmental factors such as pH, temperature, and dls^ 
solved oxygen. 

Secondary effluent may contain from 0 to 50 mg/l nitrate nitrogen depending 
on the total nitrogen content in the raw waslewater and conditions of treatment. 
Activated sludge systems that have a long MCRT (usually 10 days or more) 
and adequate oxygen can also produce a nitrified effluent. 



Precautionary Procedures 
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When performing the nitrate nitrogen test* the^following procedures 
should be followed m conjunctton with the procedures outlined in Stand- 
ard Methods. 

1) Use the Brucine method for routine analysis. 

2) Analyze the sample as soon as possible to avoid bacterial re> 
duction of the nitrate. 

3) Preserve samples that cannot be analyzed immediately by either 
freezing or by the addition of 5 ml of chloroform/I of sample. 



Total KJeldahi Nitrogen {TKN) 
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This test measures the ammonia and organic nitrogen but not the nitrite or 
nitrate nitrogen. The sample is digested with acid and catalysts that convert 
the organic nitrogen to ammonia nitrogen. The ammonia is then distilled off 
jnto a boric acid solution and measured by either a coiorlmetric analysis called 
nessierizatlon or by titration. 

In raw wastewater, nitrogen is primarily found as organic and ammonia nltro> 
gen depending on the degree of decomposition. As decomposition Increases, 
the Organic nitrogen is biologically decomposed (ammonified) to ammonia 
nitrogen. 



ISO 
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Tho results of this test are valuable because it can be used to: 

1) Evaluate the performance of a treatment process designed to nitrify. 

2) Evaluate nutrient (nitroo'^n) deficiency. 

3) Evaluate oxygen requirements for activated sludge. 



Precautlonery Procedures 



Do notbreMh* 
thtfuniM'^ 



When performing th& Total Kjeidahl Nitrogen test, the following proced- 
ures should be followed in conjunction with the proi^jdures oullined in 
Standard Methods: 
-1) Use extreme caution in handling the reagents to avoid injury. 

2) Perform ttie digestion step under a vontitated hood. Do not breathe 
in the fumes given off;during digestion. 

3) The TKN test may be performed on the? same composite samples 
as for the BODaod Suspended matter tests. The samples should 
be preserved by refrigeration at 3 to 4"" C for not more than 24 hours. 

4) Deviation from standard procedures may yield erroneous results. 

consistent in lai^ technique. 
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Ammjonie Nitrog en ^ 

This, test measures the mtrogert present in the wastewater as ammonia. 
Ammoma nitrogen \q domestic wa^tew^ter is generally between 10 and 40 
mg/i. Primary treatment may increase the ammonia nitrogen content slightly 
due to decomposition of some protein compounds during treatment. In 
seco.'^idary treatment process, ammonia can be oxidized to nitrite then to 
nitrate in varyrng degrees depending on factors, such as the residence time 
of the microorganisms, wastewatertemperature. and oxygen reliability. 

The Significance of this test Is associated with the oxygen demand required 
to oxidi^fc! ammonia m the biological treatment process or receiving stream. 
Theoretically, the oxidation of xjne^ound of ammonia nitrogen requires 4.6 
pounds of Oxygen, Tho test is also valuable in evaluating the performance of 
a treatment process designed to nitrify. Other significant problems relating 
tQ, ammonia are high chtonne demands, fish toxicity, and high oxygen demand 
in receiving waters. 



Precautionary Procedures 



When perlormir^g the Ammonia Nitrogen test, the following procedures 
shoula be followed in conjunction with the procedures outlined in Stand- 
ard Methods. 

^ 1) Uue extreme caution in handling the chemical reagents to avoid 

mjury or damaged clothing. 
2) Deviation frofji standard procedures may yield erroneous results. 
Consistency in laboratory techni<!|ues is essential. 
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3Q-Mlnute Settling Test 

The 30>minute settling test of MLSS provtdes an Index of the activated sludge 
settling and compaction characteristics in the secondary clarif ler. The test, in 
It^etf, is simple to perform and requires only a graduated glass cylinder and a 
clOcK^ It Is performed by transferring a thoroughly mixed one ll*<3r sample of 
mixed liquor to a one Her graduated cylinder and then recording the milli^ 
liters of s!ijdge settled in the one^liter graduated cylinder at five minuto intepfals 
for the first 30 minutes and then at ten minute intervals up to one hour. This 
lest can also be conducted with stirring, and the operator should try both 
methods to see which most closely models his sedimentation results In the 
clarifler. 

$tirrirtgc«n This test Indicates how well the activated sludgajmUed liquor concentrates 

impmvrtBuiu. and compacts. The usual index of eludge settleabllity and compaction is the 

Sludge Volume index (SVI) or its reciprocal the Sludge Density Index (SDl) 
»«tai«dtothe whtch are based or^ the sludga^lavel at the end of the 30 minute period. Some 

evL results, however emphasize that an SVI of 100 (SDl of 1.0) 1^ indicative of a 

well functioning activated sludg^e plant. This may not nece^arlly be true be- 
cause these indices represent onj^i the 30-mlnute settUnfl^and do not neces^ 
sarlly account for the clarity of '^e liquid above ttig^^dge. Observations 
should be made during the 30^mmute test to dj^t^^nvfine whether the sludge 
particles are agglomerating well, settling uniformly, and leaving a clear liquid 
or whether sludge particles are settling rapidly and leaving a cloudy liquid 
above. The latter behavior is indicative of several operational problems wh.ch 
are jjiscussed in Section Z05. During the 30*m{nute test, a well settling sludge 
will normally settle to approximately half of its original volume in the first 5 to 
10 minutes. 

Precautionary Procedures 

When performing the 30-minute settling test* the following procedures 
should be followed in conjunction with procedures outlined in Standard 
Methods. 

1) A morning and afternoon grab sajmilM^J^r^wo samples per shift) 
should be tested for settleabilH^ \ 

2) Grab sampled should be tak/r during peak as well as average flow 
periods* ^ ^ 

3) Each Sample sho'jid be collected consistent!/ ar^d at the same 
location. 

3) Vigor'^iis mixing and pouring of sample should be avoided 

5) Be certain to liH the settling cylinder exactly tc ihft one-liter marK 

6) Record time test is set up and temperatures of sample 

7) Record settling level every five ri>in»jteg for the first 30 mmuit? 
and every 10 minutes for the second 30 minute penod 

Observations During Test 

An important factor i ^ rjnning the 30 minute $6tt!ing test is to observe 
the settling and compaction characteristics of the MLSS. Of ter^ operators 
walk off after setting up the test and corre back to read and record tht 
settling level at the end of 30 minutes. In doing th^s* they nnay miss impor 
tant information by not observing how the sludge setJie?. Use of the 30 
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minute test only to calculate the SVl or SDI cloes not provide Ihe rt^ximqm 
benefit for process control. The operator should atterfipt ta record the 
following observations during the test sathat correlations to other labor- 
atory controi tests used for process controi can be made: 

^ ■ - ■ 
A. First Five to Ton Minutes 

• 1) Do siudge particies aggiomerate whiie forming bianket? 
*2) Does siudge compact siowiy and uniformly, ieaving a ciear iiquid? 
or ' , * 

3) Do siudge particies fall through a cioudy liquid? 

4) IHow much dnd what type of straggier flop, if ^ny, remains in the 
liquid? 

B; Endof 30f\/linut6S 

*1) Has the sludge fioc compacted to 'the appearance of locking 
Crisp with sharp ed^es and somewhat likea sponge? or, 

2) Does the f(oc look feather-edged fluffy and somehwat homog- 
enous? 

, a End of 60 Minutes ' 

1) 'IHas any settled sludge floated to the^Gur^ace of the cylinder? 
''^) Did it take two to four hours for the sludge to split or flo^t to^the 
surface'r " ^ - 

3) These observations provide a chefck on the final clarWier sludge 
blanket charcteristics and removal rates in relation to sludge 
detention time in the clarif i^r. 

*A well settling sludge will have the characteristics of items A-1 and 
B^l,andC*2. 

Total Phosphorus ' ^ 

Phosphorus is one of the nutrients essential to biological growth In secondary 
treatment processes. Most wastewaters have more phosphorus/available 
then i^ required for biological growth and assimilation of the carbonaceous 
BOD. A deficiency of phosphorus may result from hijgji waste loading from 
Industries, such as canneries which generally have washes that are high in 
carbohydrates and low in nutrients. Such a phosphorus deficiency may limit 
biological growth and lead to ppcr BOD removals. 

\ 

Typical raw domestic wastewater contains approximately 10 mg/t of phosph- 
orus of which 20 to^SO percent may be^removed by the growth of microorgan- 
isms which are wasted from the process. Greater removals nnay be obtained 
by various processes involving addition of a metal^ion such as iron or aluminum 
to chemically precipitate jron or aluminum phosphate. Other removal pro- 
cesses involve pH adjustment by addition of lime or other means and chemi- 
cal precipitation of a calcium phos'phate. 
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Precautionary procedures. 

When perlorming the total phosphorus test* the following procedures 
should be followod in conjunction With \he procedures outlined in Stand^ 
ard Methods. ^ , ' V 

1) Use extreme caution in handling the chemical reagents to avoid 
injury or damaged clothing. * " 

2) Record specific procedures used forpretreatment of sample and 
measurement of phosphorus conceRtratij^n with test results. Also, 
clearly indicate the expression of the test results, P or PO4* (Note; 
1 ,00 mg/j P equals 3,06 mg/l PO4.) 

3) Deviation ^ro^m standard procedure may yield erroneous^ results* 
Be consistent in your laboratory tectjnique. ^ ^ 

dissolved Oxygen 



' Dissolved oxygen (DOV is that oxygen dissolved in liquid and is usually 
expressed as milligrams per liter (mg^l), There a[e various types of tests to 
determine the DO content of water. Generally, the iodometic methods and the 
membrane electrode (DO probe) are best suited for the domestic wastewater 
application. The azide modification of thelodometric method (also knov^n.as 

^Wjnkler Method) is recommended for most wastewater and stream samples. 
When determining the DO in activated sludge mixtures (MUSS and I^AS), and 
other biological floes which have a high oxygen utilization rate, the copper 
sulfate-sulfamic acid flocculation modification should pVecede the azide 
.jtiodification to retard biological activity and to flocculate suspended solids. 
The membrane electrode mettiod is becoming increasingly more popular 
because of its spe^d, ease of operation, and adaptability to process control 
instrumentation. Often, the membrane electrodes are used for»continuous 
monitoring and control of DQin activated sludge units. The meni|]uG^n^ elec- 
Irodes must be properly maintained and calibrated on a daily ^asrs to ensure 
that their measurements are accurate and usable for process conttok 

The significance of, the DO test In process control is* In its measurement of 
(he dissolved oxygen available for and essential to aerobic decomposition of 
the oiganic matter, otherwise, anaerobic decomposition may occur with the 
possil^le development of nuisance conditions. In the activated sludge process, 
the DO test is u^ec) to rponitor the aer9ti6n process as a bast? for control of ' 
the air supply rates, in order to maintain a desired DO residual, while avoiding 
^ overaeration and power wastage. The DO test is also used tn th^ determination 
of BOD as discussed previously. Fish and most aquatic life require dissolved 
oxygen to sustain their existence and the DO test Is an important measure* 
ment In plant effluents and receiving water quality. ' 

Precautionary Procedures 

When performing the DO test* the following procedurps should be followed 
in corijunclion with the procedures outlined in Standard Methods. 

1) Use extreme caution in handling the chemical reagents to avoid 
■ i/ijury or damaged clothing". 
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In MmpllTig* 



Ptrtorm^ 
flftirttmptlnB. 



An Important 
m»«aur«for tlia 
mfcroor^anlam. 



2) 



3) 
4) 



The use of special DOi sampling equipment is preferable for col* 
lecting s'ampleS. The samples should be taken with the sample 
container completely Immersed ^nd without aeration of the sample 
or entrapment of any air but3bles. 

Perform DO test immediately following collection of sample' 
The following substances will Interfere In the azide modification 
of the iodometric DO analysis: Ironfalls, organic matter, excessive 
suspended matter, sulfide, sulfur dioxide, }residuat chlorine, 
chromlum^and cynalde. 



Hydrogen Ion Concentration (pH) 



The Intensity of acidity or^'alKalinity of a solution Is numerically expressed 
by its pH. A pH value of 7,0*13 neutral,\whlle^ values 7 to 14 are alkaline and 
values 0 to? are acid. pH can be measured colorlmetrically orelectrome* 
ticaliy. The electrometric method (pH iftster) is preferred In ail applications 
because it Is not as subl!9Ct to interference by color, tubldity, colloidal 
matter, various oxidants and reductants as is the less expensive color! 
metric method. 



Uad^fflb 
umpiM** ^ 
ttnalyxa 

Imm^dlttaly, 



C^tlbrata me 
pKmttar (tally. 

£xtfcl«a 

4Htramoc«ra 

wltHalMtfOdtt, 



The pH measurenhents are valuable in process ccfntrol because pH Is one of 
the environmental factors tliat affect the activity and health of microorganisms. 
Sa(jden changes or abnormal pH values nnay be Indicative of an adverse In* 
dustrlal discharge of a strongly add or alkaline waste. Such discharge are 
detrimental to biological processes as well as to the collectlon^system and treat- 
ment equipment, and should be either stopped or neutralized prior to discharge. 
Generally, the pH of the secondary effluent will be close to 7. A pM drop may 
be noticeable in a biological process achieving nitrification because allcallnlty 
is destroyed and carboy dioxide \i produced (^uring the nitrification process. 



Precautionary Procedures 

When performing the pH test, the fallowing procedures should be followed 
in conjunction with the procedures outlined in Standard Methods. 

1) Grab samples should be used for the pH measurement. The pH 
t^st shQuld be performed on the samples immediately following 
collection before the temperature or dissolved gas content can 
(Change significantly. Do not heat or stir the pH sample as a change 
tn temperature or dissolved gas content will affect the pH value. 

2) Do not contaminate the buffer by pouring the us^d buffer solution 
back Into the buffer container. ' 

3} Calibrate the pH meter dally with a buffer solution of approximately 
the same temperature and pH as the sample to be tested. Adjust 
the pH meter's temperature compensator for each pH measurement. 

4) Avoid fouling the electrodes ^^/Ith oil or grease. 

5) Erratic results or drifting should prompt an Investigation of the 
electrodes. 
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Temperature 



Temperature 
effectifirovfth 



In process control, accurate temperature measurements are hetpfdl in eval- 
uating process performance because temperature is one of the.most Important 
factors affecting microbial growth. Generally stated, the rate of microbial 
growth doubles for every 10"" c increase in temperature within the specific 
temperature range of the microbe. Temperature measurements can be helfpur 
in detecting infiltration/inflow problems and illegal industrial discharges. 
Thermometers are calibrated for either total immersion or partial immersion. 
A thermometer calibrated for total immersion must be completely Immersed 
in the wastewater sample to give a correct reading, while a partial-inomersion 
thermometer must be immersed In the sample to the depth of the etched circle 
around the stem for a correct reading. 

If a Fahrenheit thermometer is used, its reading may be converted to Centi- 
grade by following formula; 



C ^ — r 



Measure 
IrDmedratety. 



Precautionary Procedures 

When obtaining the temperature of a sample, the following procedures 
should be followed in conjunction with the procedui-es outlined In Stand- 
ard Methbds. ' ' ^ ^ 

1) ' To attain truly representative temperature measurement, it is^ 

.necessary either to take the temperature reading at |he point of 
sampling dr immediately following sample collection. A large 
sample volume) should be used to avoid a temperature change/'j 
,dOring the measurement* ^ ^ 

2) The ac/curacy of the thermometer'used sl^ould be occasionally 
verified against^ precision'lhermometef certified by the National 
BureauVf Standards (NBS)'. 

3) The thermometer should be left (n ihQ sample while it is read. 

Mlcroscotiic Examination ^ ^ t * 



A useful tool. 



r 



The fmportint 
prottite. 



Micros£;opic exalmination of the MLSS can be a significant aid in%ihe evaluation 
of the activated sludge process. Th$ presence of various microorganisms, 
within the sludge floe can rapidly, indicate^good or poor treatment. The most 
important of these^ microorganisms are the heterotropic and , autotrophic 
bacteria which are responsible ^or purifying the wastewater. In addition, 
protozoa play an important role in cfarlfylng the wastewater and act asjndica- 
tors of the degree of treatment. The presence of rotifiers is al^o an indicator 
of effluentstabillty. ^ .y . 

A pjtedominance^f protozoa (clliates) and rotifiers In the WlLSS is a Sign of 
good sludge quality. The treatment under ttiese conditions, with proper litAS, 
WAS^tvd aeration rates* can be expected to produce effluent BOD concentra-^ 
tiorls of less then 10 mg/l. ' 
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Inversely, a prefJonr^inance of filamentous organisms and a limited numberpf 
ciliates is characteristic of a poor quality activated kludge. This condition is 
commonly assocfated with a sludge that settles poorly. The sludge floe is 
usually light and fluffy because it has a low density. There are many other 
organisms such as nematodes (worms) and waterborne insect larvae which 
may be found; however, these do not significantly affect the quality of 
treatment. 

The microorganisms which are important to the operator are the protozoa and 
rotifers. As discussed previously, the protozoa eat the bacteria and help to 
provide a clear effluent. Basically, the operator Should be concerned with three 
groups of protozoa, each of which have signiYtcance in the treatment of 
wastewater. These groups include the following: 

1) Amoeboids " ' 

2) Flagellates' 

3) Ciliates ^ 
Amoeboids {Figure IV-3) 

Th& cell membranes of Amoeboids are extremely flexible; and the 
mobility of these organisms is cr^^ted by the movement of protoplasm , 
' ^ within thie cell. Food matter is ingested by absorption through the c^ll 
membrane. Amoeboids may predominate in the MUSS floe duYing 
start-up periods of the activated sludg^ process or when the process 
is recovering fronvan upset condition. 




/ 

AMOEBOIDS 
FIGURE IV-3 
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Flagetlates (Figure IV*4) 

These' orgah^isms are characterizecf byithe taii {Fiageiia) which extends 
^frorn their rour*d or elliptical cell configuration. Their mobility is 
created by a whipping mofion of the taij, which allows them to move 
wlthj^orftewhat'of.^ corkscrey/ motion. Flagellate predominance may 
be associated with a Ijght-dispersed MLSS floc^^ low population of 
bacteria, and a h|gh organic load (BOD). As ^/nore dense sludge U6c 
-develops the'flaqellate predominance will decrease with an increase^ 
of tpacteria, When the flagellales no longer are able to successfully 
compete for the available food supply, their populaticm ttecreases to 
the point of insignificance. ' ^ 




FUGeiLAXES 
FIGURE 'IV-4 ' 



CiliBies . . . . ■ 

These organisms are characterized by the routing hair-like meiVibrane 

(cilia) wt^ich cover all or part of their cell membrane. Their mobility is 

created by the movement of the cilia, and the cilia around the guiiet 

are ulilized for the intake of food. Ciliates may predominate during 

Vthe period of fair to pood fettling of tiie activated siudg^ 
f ^ ^ . 

They are considerably larger than flagellates and for the purposes of 
miiSl-oscopic ex^minatiorj may be classified into two basic groups, 
which are the free swimming arid the^stalked cIMates, 

, _ / . . - 
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Free Swimming CHlates {Figure IV-5) 

Free swimming ciliates are-usually apparent wlien* tliere is a lerge 
number of bacteria in tlie Scttvat^d slM.dge. Tliese organisms feed or 
graze on tlie bacteria and clarify tlie effluent\ Tlierefore, tlieir presence 
is generally indicative of a tr^eatment process that. is approaching an 
optim&m degree of treatment. A relative predominance of flagellates 
inditfates decreased treatmentefficlencyand the MCRToHhe system 
should be 'increased to maintain a relative predominance of free, 
swimmers. Stalked ciliates and higher forms of organisms such as 
rotifers. ^ . ^ 




)FREE SWIMMING CILIATES * 
FIGURE IV-5 

Statkeci^iriates (Figure. ^ ^ ' ^ f\ 

^hese o^ganisms'are frequently present when the free swimmers are 
unable to compete for the available food. A relative predominance 
of these organisrhs aloqr]f with rotifers will indicate a stable and 
efficiently operating process. 
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RelaiWe 
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process 
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Use an 
Inexpensive 
camera to 
record the 
mixed Nquo' 
app*earanc4 




J- 



5TALKED CILIATES 
FIGURE IV-6 

Evaluatjon of Microscopic Examination 



A 



Observation of microorganism activity and predominance ir>the activated 
sludge 6an provide guidance in making process control adjustments. 
Study of Figure IV7 can be Osed to assist the operator with the decision 
of increasing or decreasing the MCRT based on th^e relative predominance 
'of ctliates and rotifers in the MLSS. The decline ofciliates and rotifers 
is frequently indicative of a poorly settling sludge. These observatipns 
make it possible to detect a change in organic or chemical loading before 
an upset occurs. These'^changes can t^e correlated with. observations of 
the settling characteristics of the MLSS in the 30^minyte settling test, and 
by calculation Qf the F/M. If the other testa confirm these observations, 
adjustments to the MLSS should be made to alleviate the problem. * 

♦ * 

In summary, relative predominance of ciliates and rotifers are an indication 
of process stability. This predomjnar\ce Is associated with the efficiency 
of treatment under various loading conditions. An increase or decrease in 
the predominance of these organisms may be indicative of process upset 
before IheYe is a major effect on process performance, 

A great deal of information can be provided if photographic recordsrof 
sludge conditions are kept in a systematic and well documented manner. 
Inexpensive (approximately $100) Polaroid camerHs are, available for this 
purpose, and it is strongly recommended that a camerSi of this type be 
obtained along with the microscope. These photographic/ecords^an be 
used to anticipate seasonal variation oc Qonditions of unusual oper^^ion. 
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Rvfitlvdly low 

mlcrotcop« It 
tjltablo* 



Selection of a Microscope* 

[features which should be considered whgn selecting a microscope 
include the following: ' ■ / 

1) Bullt^jo illumination or an jexternal system which allows variations^ 
of ligm intensity. , ' . 

2) ' VV condenser system. 

1i) A movable stage. Stage should be controlled by coaxial handle . 
rather than a manual push-pull, ^ 

4) . 10X and 40X objectives, v-^' 

5) 10X eyepiece. 

Auxiliary equipment should include: 

6) UghlbluefllteP(dayjlghtt'ype) - 

7) Glides \ 

8) '.'Coversltps 

9) Several small dropping pipettes 

10) Storage box 

11) Dust cover: 

The cost of a nnicro?cope can v.iry between $150><5o anrf$2,500.00, de- 
pending upon the indlvlduafs req'uiremehts in me Vay of illumination, 
lenses and auxiliary equipment. A relatively inexpensive mstfumeni is all 
that is required for the examination of actlvatedsludge. 

•Adapted from **Activated Sludge Procesi Analyses and ln\erpretation 
Workshop Manual/* Ministry of the /Environment, toronto, Ontario. 
(Additional information is also includi^fdO 

Use of the Microscope 

Procedures for preparing s[id§s and using the microscope should include 
tfie following; 

1) Clean cover slipand slide. 

2) Use pipette to pick up sludge: Put finger on top of pipette until 
th^ .Immersed end of a widetip pipette reaches the bottom of 
sludge sample. Release your tinger toaliovA^ludge into the fjipette. 
Replace your finger on top of pipette anVremove the pipette 
from the sampler beaker. A long tipped eye dropper may ^Iso be^ 
used. . . ' ^ . ■ 

3) Allow one drop of sludge from the pipette to drop in the middle, 
.of the cleararea of the^glass slide'by lifting your finger from top 
of pipette momentarily, and then replacing your fingen 

Aj Pick up cover slip by two corners. Do notlouch the cleaned area. 

5) Pull cover slip along glass slide towards dropof sludge. ^ , 

6) As soon as cover slip.touches dropof sludge, allow cover slip to 
fall onto glass slide. 

7) Pick up glass slide. Place on microscope stage, 

8) Move^stage up to within approximately 1/8 Inch of objective. 
Look at glass slide through the eyepiece of the microscope, 
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9) Use the coarse adjustment on the microscope to bring the sludge 
into the field of fo^us. 

10) Use fine adjustment to refine focus to suit your eyes* 

11) Identify organisms In t|ie sludge. 

Procedures for [Examination 

When performing a microscopic examination of activated sludge, a sheet 
of paper shouidibe kept handy to sketch the types observed. In the event 
that unknown varieties of microorganisms are made, the operator may 
identify these later. The objective of the examination is to determine' 
relative predominance of microorganisms. This may be accomplished by 
the procedures outlined below and utilizing a worksheet as illustrated in 
Figure IV^8. 

Examination Procedures: 

1) Record the date, time, temperature, and location of the sample on 
the worksheet, 

2y A minirr um of three slides per sample should be examined. 
3} Scan each slide and count the number of microorganisms in each 
group. 

4) Provide a mark for each microorganism counted in the appropriate 
group space on the worksheet. 

5) After completing the examination of the three slides, total the 
number of organisms counted In each group. 

6) The three l^'oher totals are interpreted as the predominating 
organisms. 

Microscopic examinations o' .he activated sludge should be made three 
times per week during peak flow periods. If a consistent trend of pre- 
dominating organisms is established during normal operating conditions, 
the frequency of examinations should be decreased toone time perweek* 



Flow 
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A physical measurement of the in^plant flows is essential for true process 
control. Without these flow measurements, U is impossible to compute hy- 
draulic and organic loadings, ?M ratios, afr requirements, detention periods, 
recycle flows, clarifier underflows, or sludge wasting rates* Without the above 
parameters to •'egulate the treatment processes, the operator is left with only 
a "seat of the pants'* approach to process control. Without a measurement of 
in^plant flows, It is impossible to competently evaluate the operation of the 
individual treatment units. The measurement of the plant flows also provides 
a bacis for computing costs for billing, estimating chemical needs, predicting 
^jture need for plant expansion or modification, and evaluating the 
effc3ct of the plant effluent on 'he receiving st;eam, Refeience to Figure IV*2 
sjiSI indicate locations of typical In^plant flows that should be measured for 
proc^^ss control, 
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FIGURE IV-8 
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In many of the smaller plants^ only the ptant influent flov/ and possibly the 
plant effluent flow are metered. In these cases, the ope/ator will have to 
measure th^ in-plant flows by other means. For instance, a pumped flow may 
be estimated by multiplying the pump capacity (gpm) times the minutes of 
pumping time per day. 

gpd = {gpm){mln/day) 

Often, pump capacity may be estimated by measuring the volume of liquid 
pumped from or to a structure In a timed period. No unmetered flows into or 
out of the structure must b$ permitted during the test period. *Mete red flows 
into or out of a structure duriiig the test must be taken Into account when 
computing the volunrie of liquid pumped. 

» ' \ ' r 

gpm . (A^ sq. jgjDe Pth. ft.) (7.48 gal/cu. H^L .netered flow, gpm 
minutes 

The metering instrumentation must be properly maintained and calibrated on 
a regular and routine basis to insure that their measurements are accurate 
and usable in process cbntrol and performance evaluation. 

Sludge Blanket Measurement 



\ 



The lavtflofthe 
tludgd blanket 
can he 

measured wllb 
optical or 
electronic 
equipment 



Types of 
blanket finders. 



yVit^n the secondary clarifier, a separation of the liquid and solids takes place. 
The solids settle to the bottom of the clarifier while the settled liquid is dis- 
placed over the clarifier effluent weirs. If the settled solids are not removed 
from the tank at a rate equal to or greater than solids input by the aeration 
effluent flow, a blanket of sludge will accumulate untH eventually the solids 
are washed ou! in the clarifier effluent flow. 

The location of the sludge blanket in relation to the clarifier depth may be 
deTermined by various types of devices. Some are commercially available 
while others must be improvised by the operator. Figure IV-3 shows several 
variations of sludge blanket finders. Th? following are some of the different 
types of blanket finders: 

1) A series of air lift pumps mounted within the clarifier at various depths. 

2) Gravity flow tubes located at various depths. 

3) Electronic sludge level detector— a Ught source and photaelectric 
cell attached to a graduated handle or drop cord. The photaelectric 
cell actuates a meter>. buzzer, light, etc. 

4) Sight glass' finder— a graduated pipe with a sight glass and light 
source attached at the lower end. 

5) Plexiglass core sampler. 

6) Some type of portable pumping unit with a graduated suction plfie or 
hose. 
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betermlning the sludpe blanket depth In the secondary clarlfler In conjunction 
with other measurements such aa^the Influent flow, MLSS, SVI, and the RAS 
flov^^nd suspe.ided solids concentration provides va}uable information that 
can be used to Control the RAS flow rates. Additionally, this test can be used 
to evaluate the operation of multiple units, for Instance the sludge blanket 
depth In two clarlfEers operating In parallel (both recelvfng flow from samr^ 
aeration basin) having equal RAS flow rates should be comparable, tf 'the 
sludgd olanket fn one clarlfler was rising while the btcinket in the other clarlfler 
was falling, It could be concluded that the aeration tank effluent flow is 
unevenly distributed to the clarlflers. A rising blanket may Indicate an ln^ 
adequate sludge return rate, unbalanced distribution of aeration tanKeffluent 
flow, Inadaquate sludge wasting rates, ora poorly settling sludge. The presence 
of a poorly settling sludge could be verified with the SVI valUe, Wcorrect a 
rising blanket, the operator first determines the reasons by a review of the lab 
test results, operational logs, and process Control parameters. After deter- 
mining the possible reason for the Increased blanket depth, the operator 
should then take the appropriate corrective measures. 



Precautionary Procedures 
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The following precautionary procedures shouldpe followed In the pen 
?ormanceof the sludge blanket measurement: \ 

1) Select a measuring station located at a point where the blanket 
depth represents an average of the entire blanket depth. Such a 
location can be selected by running a profile of the clarlfler's entire 
blanket depth. Thereafter, the selected location should al ys be 
used,- 

2^ The sludge blanket finding devloes mMst be used with care. The 
^ electronic devices must be loweW"^ slowly until the blanket Is 
located. 

3) Procedures and techniques must be uniform for all operations and 
for all measurements. 

Centrifuge Teat 
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7(ie centrifuge test provides a quick and convenler^t method of roughly deter- 
mining the suspetided matter (SS) concentrations of the mixed liquor and 
returr^ sludge. The centrifuge test results can bp use4 to calculate a mass 
(solids) balance and to develop various graphs for co^ntrol and monltorir^g of 
the return sludge flow rates, adjustment of the sludgi& wasting rates, clarlfler 
and aeration sludge detention times, and solids distribution ratios. How to 
use the centrifuge test results'for controlling the activated Sludge process is 
discussed futher in Section "SLUDGE QUALITY CONTROLS 



TtfttrttulU 



Due to changing sludge settling a/rd compaction Characteristics, the results 
of the centrifuge test will often vary for similar sjjspended matter concentra^ 
tions. The sludge characteristics as reflected by the 30^minute settling test 
must be considered when Interpretlr^g or uslr^g the Results of the centrifuge test. 
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Precautionary Procedure^ 



A generalized procedure is described betow: 
1} Collect a ref^sentative sample. 

Thoroughly rrmTSamQle and fill each centrifuge tube exactly to the 
fuirmark. The sample must be thoroughly rptbced before each poun 
ing. It is recommended that no less than three tubes be run on 
each sample. 

Centrifuge samples for 15 minutes with the speed adjustment set 
at full speed. It is of utmost importance that the samples are 
c^trifuged for the same speed seating" each time to promote con^ 
sistent compaction and meaningful test results. 
Remove one tube at a time and read *the amoun^of suspended 
matter concentrated in the bottom of the tube. Ttre results Should 
be recorded for future reference. 

.Use the results of the centrifuge test'^dlrectly for control and 
monitoring of the activated Sludge process as described in Section 
2.04, "sludge' quality CONTROL" or convert to suspended 
matterconcentrationasdescribed below. 
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Suspended Matter Correlatiorr^ 

A correlation between the centrifuge test ;esults and the actual filtered 
suspended matter concentration may made on a c|aily basis by pen 
forming a centrifuge test and a suspended matter test on Ihe same sample 
of mixed liqyor. A 5-day moving average of the spin ratio (SS concentration 
mgyi/centrifuge sludge concentration, %} should be used to minimize the 
effect of, any variation \n this relationship. Another methojj sometimes 
used to correlate the results of the two tests is to plot the S^ concentra- 
tion/centrifuge slijjjge concentration relationship on a graph. After the 
various points are plottefJ on the graph, a line of best fit is drawn as shown 
on Figure IVr10. Since this relationship varies as sludge characteristics 
changei t^.e line of best fit must be periodically checked and corrected by 
comparing Ihe graph readout with the resulls of an actual filtered sus^ 
pended matter test. 



Turbidity 



Turbidity 
checks 
operational, 
peHormancd. 



Turbidity ^fers to, the interference of light passage through water. Fine 
particles of suspended matter hinder ihe passage of light by scattering and 
absorbing the rays. Turbidity in the secondary effluent is chiefly due to bio- 
logical floe that has carried over in theclarifierefftuent. ' ^ 

The turbidity measurement ot the secondary effl.uent is a quick and easy 
method of checking the operation and performance of the activated sjudge, 
process, In recent years, so;ne turbidity anaiyzers have been permanently 
instaile*cl at the secondary clarifier to continuously measure and indicate the 
clarfty of the secondary effluent. A properly .operated aclivaled sludge process 
generally produces an effluent with a tXirbiditV betweiQn \-0 and 3.0 JTU 
(Jackson Turbidity Unit). An increasing effluent turbidity indicates an unfavor- 
able trend in process operation which sboOld b^' promptly investigated and 
^corrected. ■ / 
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AfcllVATEO SLUDGE PROCESS . 
SECTION IV ^LABORATORY CONTROL 



wfty of 



A photo-electric turbidimeter with an autorr^^tic readout in either Jackson 
Turbidity Units (JTU) qr Forma2in Turbidity Units (FTU)* is the recommended 
" method of measurlngjhg turbidity of tlie'secondary effluent. 



r 



( 



Precautionary Procedures 

When performing the turbidity test, the following procedures should be 
followed conjunction with the procedures outlined In Standard Methods. 

1) Hold the'turbidimetertest vtal near the top. The test vial must be 
kept clean, both on the insideand th^ outside. 

2) Calibrate the turbicJiiVieter using a standard in the range oi the 
turbidity^expected. 

3J Stff the sample before pouring. Pour the sample slowly into the 
test vial, being careful not to create or trap air bubbles. 

4) Be sure the outside of the test via! is dry before inserting it fnto" 
the turbidimeter. 

5) j After allowing any air bubbles to escape, promptly read trie results. 

6) Replace any test vials that are scratched or damaged. 



^Jack^son Turbidity Units and Formazin Turbidity Units, although not identical, are 
almost thesame for practical purposes. 

REFERENCES 

APHA, AWWA,,WPCF, Standard Methods for Examinatioirof Witter ar)d Wastewater, 
14th Edition, 197B. , 
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Civil Engineering. ' \ y 

J 

Mmistry of the Enviornment ^ Activated Slitdge Process Anaylses and Interpretation 
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New York State Department of Health - Laboratory Procedures for Waste*Water 
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U.S. Environmental Protection Agency, Technology .Transfer ■ Handbook for'Analytlcal 
Quality Control in Waterand Wastewater Laboratories, Analj(tical Quality Control 
Laboratory, National Environmental Research Center, Cincinnati, pbio, June, 1972. 

The Texas Water Utilities Association, Manual of Wastewater Operations, 
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TRiCKUNG FILTER PROCESS 
SECTION I TROUBLESHOOTING 



1,01 INTRODUCTION 



Select the 
tnmur«wllh 
I«ft»l«dv9r»9 
off«ct 



Know tho 
process* 



This section of the manual presents troubleshooting prd'cedures for solving 
the common operating problems experienced in the trickling fiiter process. 
With each problem, or observation, is included a list of probable causes, 
procedures to determine the cause, and the suggested corrective measures 
ilsted in the order to be considered. You, the operator, must deterrtilne and 
select <^^B or more of the corrective measures that will restore the process 
to an efficiency level which will produce the best final effluent quality. In 
order to evaluate the problem and select the best corrective measure, you 
must be thoroughly familiar with the trickling fiiter process and how it fits 
into the overall treatment plant operation. In addition, you must be familiar 
with the Influent wastewater characteristics, plant flow rates and patterns, 
design and actual loading parameters, performance of the overall plant and 
individual processes, and current maintenance procedures. 



1,02 TROUBLESHOOTING GUIDES 

( There are five problems that frequently occur in the operation of a trickling 
filter process. These problems are listed below and are referenced to the 
troubleshooting guides which are presented on the following pages: 

INDEX TO TROUBLESHOOTING GUIDES 

Troubleshooting 



Guide No. Problem Indicator 

1 Filter Flies 

2 Odors 

3 Ponding 

4 High Effluent Suspended Solids 

5 Freezing 



/ 



TRICKLING FILTER PROCESS 



TROUBLESHOOTING GUIDE I — FlIterFHes 



OBSERVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDrES 



REFERENCES 



1. Filter riias. 

a.Gnat-sized moth-like 
fifes. 

Dark brown* worm-l^kQ 
Larvae In filter slime 
growth. 



A. Poor disttibution of waste* 
watefi especially along the 
filter wall. 



1. Visualty check. 



Hydraufic foading insuf- 
ficient to keep fly eg^s and 
larvae washed from filter 
bed. 



1. Calculate hydrautlc foadfng. 
Hydreultc loadings greater 
than 200 gpd/^q. It. are 
usually i^ufred. 



1) Unclog spray orifices or 
nozzles. ^ 

2) Provide orifice openings at 
end of distributor arm to 
spray waifs or open dump 
gates slightly for a spray 
effecton fitterwafl. 

t) Prevent completion of the 
filter tly life cycle In the 
order of the following 
reme^ffes: 

a) Increaserecirculatfon 
rate. 

b) Floo<t Riter tor several 
hours each week during 
ny season or. 

c) Chlorinate niter Influent 
tor several hours each 
w.:ek ^maintaining a 1 to 
2 mg/l residual at the 
distributor outlet. 

d) -Spray titter waifs and 
other areas where tties 
rest witli a roslduai-type 
Insecticide— If not pro- 
hibhed by State or local 
regulatory agencies. 00 
NOT Spray surface of 
media. 



pgtM9 
pgtM9 

pg IM9 
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TRICKLING FILTER PROCESS 



TROUBLESHOOTING GUtOE 2 -ODORS 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK 




REMEDIES 


J 

RETCRENCES 


0<Jors," 


A. Excessive or9&nlc loEdlnQ. 


1. Cat culale organic loadlnQ. 


•1 




|iy II 19 " II £v 


(Anaerobic decomposition 


. a. Indus 1 rial wastes. 


a. CtiecK Industries for 




Jn9 agent white nuiKlRO the 


wUhIn the filler.) 




unusual waste discharge. 




appropriate corrections. 
* 










2) 


Encourage aerobic condi- 


pgll^ 










tions In pre-tnsatment 












units** tiy pre<hlor1natlon* 












aeiatlon* or recirculation 












during low ntght'flows* 










.3) 


Enforce Industrial waate 












ordlriance. 












Improve operatton of pri- 












mary sedimentation tanks. 










5) 


Increase recirculation rale 


PQ\\-9 










to dtluto cfQanic strength 












and Improve oxygen 












transfer. 










6) 


Chlorinate filter Inftuent for 












tor several nours eacn oay 












during low How maintaining 












a 1 to 2 mgfl rosldimt at 












dlstVitxftoroulleL 










7) 


If design loading is t»lng 


pg IMS & 11-7 










exceeded, plant expansion 












may t>e require. 
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Ti^tCKUNG FILTER PROCESS 



TROUBLESHOOTrffG^UIDE 2- ODORS (continued) 



OBSERVATION 



y PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 

I 



REFERENCES 



{ 



Poor Ventilation. 



C. Poor h ousekeeotn g . 



If provided seo Itiat vent 
pipesareclearinftHof. ' 

Check underdrawn system 
is nol obstructed or flowing 
morel lian lialf full. 

Check filler media voids 
are nQt filled with biological 
growths. 



t. VisuaNy check. 



1) Unclog vent pipes. 



2) Remove all debrl3 from 
finer effluent channel and 
flush obslruclive materials 
from underdrafn. 



3] If 
* II. 



Underdraln system }s 
llowing more than half full, 
reduce filter recirculation 
If possible. 



4) Imprpvlse a meohanlcal 
means ot impro^hg^venll- 

^ lation M natural ventilation 
Is inadequate. 

5> Increase circulation to 
flush oul me excess bio- 
logTcal growtt)^. 



1) Remove afl debris from 
intermedia Surface. 

2> Wash down distributor 
splash plates and the 
side walls above Ihe media 



pgllMO 
pg 111-9 



pgllMO 



pgll-9 



pgll^2 
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TRrCKLING FILTEI^ PROCESS 



TROUBLESHOOTING GUIDE 3- PONDING 



OBSBIVATION 



PROBABLE CAUSE 



NECESSARY CHECK 



REMEDIES 



REFERENCES 



1. Ponding of wate 
((Iter media 



j9ver 




A. Excessive biojoglcal 
growth in medtavoids. 



Media is, nonunlformly 
sized, disintegrating or 
toosmalL 



C. Poor housekeeping. 



Chock reccfds for Incteasss 
In organic loading aiKl/or 
decreases in hydrauOc 
loading or If dosing Int6^ 
vals btis be^ decreasedL 



t. Visually inspect. 



t. Vis uatly inspect. 



1) Loosen surface layer of 
rock, rneclla- 

2) Flush the Bt^ with high 
pressure stream of water, 

3) Increase reclrcutattoa 

.4) Dosetnefilterinfluentwith 
Chlorine for 2«4 hours to 
obtain 1^2 mg/J residual at 
distributor outlet. 



If posslt>Te, flood the filler 
for24tK>urs. 



6) If possible, shutdown TF ^ 
dry media and wash out. 



t> Dry out filter and check 
medfa- Replace nonunl. 
fornuy s^ed, or damagect 
modfa, 



1) Remove all leaves^ paper, 
sticks, and other 
debris accumulating on 
filter medta surface. 



pgll2t 
pgii2i 

poll 9 

pg 11-21 ' 

pgjj-21&itl-9 
pg ir-21 



PJI2t&lll^ 
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\ TRICKUNd FILTER PROCESS 
TROUBLESHOOTING GUIDE 4- HIGH EFFLU^f^T SUSPENDED SOlIoS 



UBSERVATJON ^ 


PROBABLE CAUSE 


NECESSARY CHECK 


REMEDIES ^ ^ 


nt r cK cn w cb 

■ 


1. Increase In Oarjflor Ef- 


A. 


Excessive s1oughin9 from 


' 1. 


Check seasonal changes 


1) 


Wa]i for season to change 


pg 11-23 


1 lu ent Su spe nded SoHds . 




lilter. 




that would aflect mfcro- 




0 r try po ty mer ad di t !on. 












organisms. 












V 


2, 


Check organic loading. 


1) 


II there is a high rate of 


pg 11-15 






\ 




a. InduatrJ^I wastes. 




roading, decrease by using 








) 

/ 








niore filters* if available. 














2) 














Enforce industrial waste 


pg 11-23 














ordinance. 














3) 


Increase ctarifler under- 


pg 11-12 ^ 














ffow rate. 














4), 


Plant expansion may be 


pg ii-12& 11-23 














necessary. 








Denitrillcalion In clarifies 


1, 


Chec}. to see \\ fitter ef- 


1) 


Increase clarlfler under- 












fluent \% nitrified and sludge 




flow rate. 












fioaisin clumps. 










C. 


Final clarifter tiydraullcally 


1. 


Calcutate cfarlfier surface 


1) 


If due to reclfcur^lTon, 


pg 11-17. n-7 & 11-9 


) 




overloaded. 




overflow rate. (Should not 




reduce recirculation rate 












exceed f2O0 gpcJfsq. ft. at 




during paakflow periods. 












peak flow.) 


















2) 


Additional cfarifiers may 


pg ii-17 














be required* 
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TRICKLING FILTER PROCESS' 



TROUBLESHOOTING GUIDE4-HIGH EFFLUENT SUSPENDED SOLIDS (Continued) 



OBSERVATION 


PROBABLE CAUSE 


NECESSARY CHECK 


. REMEDIES 


REFEREr^ES 


f 


0, Equipment matt unction in 
final ciarifier, 

E. Temperature curr^ts m 
f ifiai clanlier. 


1. Check for brokon kludge 
coll ectl 0 n eq ui pment. 

2. Check for broken baffles. 

3. Check for tmevet) tlo^ 
Over effuefit weirs. 

1. Make temperature survey 
of the clarlfler using a 
temperature probe of) a DO 
rneter, 

4 


1) Replace or repair broken 
equipment. 

2) Adjust effuent wefrs to an 
equal elevation. 

1) Ifistall bafftes to stop 
short-Circuiting. 

( ■ ^ 


pg 11-23 

pg t1-23 & n-5 

> 

pg 11-23 

I 

\ 
I 

^ 
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TRICKLING FILTER PROCESS 



TROUBLESHOOTING oaiDE 5- FREEZING 



OBSERVATION 




ncvcoonn t vrtCvW 






tie; r CTf cn \^co 




A, Low temperaturos. 


1 ' Ch6ckdlniosph6rfc 


1} 


w\ttv99v rovircuiallQIi' 


^nn El'9 




















*/ 




nn ll.Q 










parallel. 
























plalcs for coar^Gspray, 










oofisinjci wifnjureaKp 










5} 


If ustng Intermittent cfo?- 


pg ltl'6 










Inn An An hlAciflor t^^ltJA An 












thecflstrlbutlon main. 










6) 


PartEally open dump gates 


pg 111-6 










dt outer end of distributor 












arms to provlcfe stream 












along retaining wall In- 








r ^ 




steacfofaspray. 










7} 


Cover pump dumps and 












cfo^InQ lanks< 










«} 


Manually remove Ice 






I ■ 






formation* 






i/ 























TRICKLING FILTER PROCESS 
SECTIO, ^TROUBLESHOOTING 
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TRICKLING FUTER PROCESS 
SECTION N - PROCESS CONTROL 



2.01 INTRODUCTION 



Importance of « 
propofly 
controtlod 
opordtlon. 



The trickling filter process is reliable and can treat shock organic loads. It 
requires much less monitoring and control then the activated sludge process. 
However, proper operation and conlfol is still required to achieve peak per- 
formance and to avoid operational problems <^uch as ponding, odors, files, 
and freezing. Table il-1 presents guidelines toach't^ving successful process 
control. 



Acceptable 
ranpatt ara 
gtvon horatn* 



The operating parameters given in this .section are intended as acceptable 
ranges to guide the operator io achieving operational control at his plant. 
Operation and control of a trickling filter process should be based ori its re- 
sponse and performance. The success or failure In achieving the best possible 
performance from the treatment process is dependent on t^he operator. 



TABLE 

GUIDE TO SUCCE*^SFUL 


IH 

PROCESS CONTROL . 

* 


REQUIREMENT 


REFERENCE 


1« Sound operational and preventive 
maintenance measures. 


Section 2.02, 
OPERATIONAL GUIDES 


2. Laboratory monitoring 


Section 4.02. 

LABORATORY SAMPLING AND ! 
TESTING PROGRAM 


3. Accurate* up^to^date records. 


Appendix A, 

OPERATIONAL RECORDS 


4. Evaluation of operational and laboratory 
data. 


Section 4.03, 

LABORATORY CONTROL TESTS 


5^ Application of data evaluation toadjustme 
of the process. 


nt Section 2.04, 

PROCESS CONTROL 



6. Troubleshooting problems before they 
become serious. 



Section 1.02, 

TROUBLESHOOTING GUIDES 



2,02 OPERATIONAL GUIDES 

Operational guides are provided on the following pages to aid the operator m 
establishing routine operational procedures for his trickimg filter process. 

Performance of the routine op^tional procedures is not complete without a 
competent preventive maintenance program. Every item of operating equip- 
ment requires frequent attention with particular emphasts on lubrication and 
other preventive maintenance requirements to ensure trouble-free operation 
and minimum maintenance costs. A good preventive maintenance program 
helps to improve process control by ensuring that the equipment remains 
operational 



Ih1 



TRICKLING FILTER PROCESS 



OPERATIONAL GUIDE 1- TRICKLING FILTER 



* 

ro 



EQUIPMENT 


SUGGESTED STEP PROCEDURES 


DETAtLS 


FRIEQUENCY 


REFERENCE 


A, ROTARY DISTRIBUTOR 


1, Cneck that dislributor rotates smoothly. 


1a) Visually observe. 

1b) Jumpy operation coufd denote bearing 
dama^ and/or mallunction of pumps. 


Daily 


[>gllt<3 






^3) onui oil iiiv now ID 1116 iiiier. 


Daily 


pg llt<3 






2b) WAIT for arms to slop rotating before 
proceed ing> 

2c)^Be CAREFUL when walking on media 
surface— it is extremely slippery. ^ 

2d) Rerriove o^*-*"iclive materials from 
orifices. 

2e) Open end dump gates and flush the 
distributor arms. 

♦ 

2f) Retum unil to normal service. 








3. Hose sfrmegrowltis off splash platen. 


3d) Excess growths can affect unifoiTn 
spreading action ol plates. 


Daily 


pgnt^ 




4r Check oil in bearing assembly for water 
contamination. 


4a) Water contamination denotes a badly 
worn or defective seal. 










4b) A leaky seal shoutd bo repaired rmmedU 
' atelytoavoid bearing damage. 








5. Maintain bearing assembly and drive 
unit if so equipped 


5a) Follow manulacturer's instructions. 

5b) A cocnpelent preventive maintenance 
program !s essential for Qood operatioa 








6. Adjust guy rods. 


6a) Should be adjusted with seasonal 
temperature changes to keep dist^lbu- 
lor arms leveled. 


Seasor'^lly 


[>gill<3 




7 WinleroPerationfFrooztns conditions). 


7a) SeeTroubleshootlngGuIdeNo.Si 




WW4 
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OPERATIONAL GUlOE 1 • TRICKLING FILTER (continued) 



EQUIPMENT 


SUGGESTEO STEP PROCEOURES 


V 

1 ^ DETAILS 


FREQUENCY 


REFERENCE 


B. FIXED-NOZZLB OISTRI- 
3UTI0N SYSTEM 


1, Clogged nozzles. 


la) Shut off flow to lat^. 

\b) Be CAREFUL when waikin0^n media 
surface^it is extremelyjjftpperv. 


Daily 


pglll^ 




> 


to) Disassemble and clean clogged nozzles. 


\ 




i 


. 2 


td> Open valve, or remove nozzle, at end of 
lateral and flush obstrgctive materials 
which may be in thejateral. 

le) Return to service. » 








2. Rush all d^d ends in the distribution 
piping' 

3. Winter operation (FroezinO conditions). 


2a) May nQt be possible with some systeme. 
3a) SeeTroubleshootingGuideNo^S. 


Weekly 




C. DOSING SIPHON 


1 * Check operation^ 


ta) Observe adosing cycle. If it is not work* 
ing property, check for a clog^ad siphon 
vent or a leak In the pipinO- 


Daily 


pg 111-6 




2, Clean and lubricate hoat*acluated 
counters, etc* 

3. Washdowntankwalls. 


2d} Follow manufacturer's instructions. 

3a) To prevent odors and unsightly accum* 
ulatlon of gnaase and slime. 


Daily 






4. ^lean tai^^and Inspect piping apparatus. 


4a) Replace t>3d[y corroded piping^ 


Bi-annual ly 






5/ Winteroperation (Freezing conditions). 


Sa) Cover tank to minimize loss of heat. 
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OPERATIONAL GUIDE 1- TRICKLING FILTER (continued) 



/ 



EQUfPMENT 



J 



D> ^MEDIA 



E. UNDERDRAIN 



1 . Inspect. 



F. WALLS 



G. HYDRAULIC LOADING 
ON FILTER 



SUGGESTED STEP PROCEDURE 



1, Visually chock,^ 

2, Remcveall debris from filler surface. 



1 , Wash down side watlsabo^ media. 



1 . Control recirculation rates for optimum 
performance. 



i 



DETAILS 



la) Check for any Indication of ponciing* 
filter flles,and windblown debris, 

/ 

la) When needed* ffush out obstructive 
growths and debris, 

lb) Remove any obstructive materials In 
effluent channeL 

1c) Underdrain conduits and effluent chan* 
nel should nol be Mowing more than 
halffulL 



la) Review records to determine the lowest 
reolfculation rallo yielding good process 
perlormance (based on^BOD or COD of 
the final effluent), 

lb} The reclroufatron rallo should be greal 
enough to avoid the Problems of pomt^ 
Ing^ odors, and filter flies. 



FREQUENCY 



Dally 



Dally 



/ 



Dally 



REFERENCE 



P9 IM8 



P9 Ml'9 & HMO 




P9ll7.lt 15&I1 16 
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OPERATIONAL GUIDE 2 -^SECONDARY CLARIRER 



EQUIPffiENT 



SUGGESTED STEP PROCEDURES 



DETAILS 



FREQUENCY 



RFFEREMC£ 



A. TANK 



1. Inspect forproperoperalfon. 



Perform dally wash down. 



3. Mainlaln sludge collection equlpmeni 
anddrWe unit^. 



4, Inspect balllea and olfluentV/eir^. 



5. Check Sludge withdrawal rate and 
frequency. 



la) Mechanical equipment. 

lb) Presence of floating sludge— see 
^ubleshootingGuide No.4. 

I 

2a) Hose down the inlluent channoISp lank 
walls ^especially at ihe water )lno, ef^ 
HueM weir and launderSp elftuent chan^ 
nel, 3nd sight sludge box or hopper.lf 
s<^provlde<t. ' 

3a) Follow manufacturer's Instrucllons. 



4a) Malnlain baffles in sound condllion.^ 

4b) Mainlain elfluent weirs at an equal 
elevallon. 

5a) Sludge should be removed belore It be* 
comes septic arid floais to the surface, 
prelerably on a conlinuous basis. 



Twice/shllt 



Daily 



Daily 



Twice/shilt 



P9IM2& 11-23 



p^JI-23 



P9IM2 t 
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OPERATIONAL GUIDE 3 -PUMPING EQUIPMENT AND PIPING 



EQUIPMENT 


SUGGESTED STEP PROCEDURES 


'DETAILS 


FREQUENCY 


REFERENCE 


A. PUMPS 


1- Check operation of the ^pumps and 
motors. 

; 2. Alternate Pumps tn service. 
\ 

3. Maintain pumping units. 


1a) Check for excessive vibration* uniisual 
noises* lubricant leakage* and 

1b) Check oil r^rvoir level— if so equipped. 
1c} Check oil feed rate— if so equipped 

Id) Check packing or mectianlcal seals--- 
make adjustments per manufacturer's 
Instructions. 

1e) Check for proper position of suction 
and discharge valves* 

3a) Follow manufacturer's Instructions. 


Twice/shift 
/ 

Dail/ 






4. Fiilfy open and dosdall vafves. 


4a) Makenecessaryadjustmentsorrepalrs. 


MonthI/ 








4b) Maintain valves and opsratofs according 
to manufacturer's Instructions 

5a) Maintain according to manufacturer's 
Instructions. 








5, Check operation of atr vaciiurn/rellef 
valves, flow meters* eot. 


Weekl/ 


i 

1 
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2,03 PERFORMANCE EVALUATION 

Evaluation of process performance Is an essential part of competent process 
control and operation* Tfie evaluation Is fielpful in determining process re> 
sponse to various modes of operation, developing performance trends, and 
Identifying tfie causes of operational problems* For trickling filters, perform* 
ance evaluation consists of reviewing tfie COD, BODi suspended solids, and 
ammonia nitrogen removal efficiencies In relationsfiip to tfie mode of opera* 
tion, loading parameters, and plant recirculation flows. Tfie review and 
application df lab testing results is furtfier discussed In Section IV > ''TRICKLING 
FILTER LABORATORY CONTROL" and*'APPENDIX A" 

Trickling filter performance Is affected by many factors, stibti as hydraulic 
and oiganic loadings, deptfi and physical characteristics of the rTOdla, method 
of wastewater distribution, ventilation, characteristics of applied wastewater 
(temperature, pl-t, toxicants, etc*), and the hydraulic ioading upon the subse* 
quent sedimentation unit. An effective means of reviewing your plant per 
formance is to maintain dally charts or graphs reflecting such data against 
time. The charts presented In Figure serve as visual aids in Identifying the 
optimum control parameters and mal<e any trends or changes immediately 
evident. The preparation and use of these trend charts are discussed further 
in "APPENDIX A" 

Conclusions reach^ during the process evaluation are then applied to the 
adjustment of the process (selection of recirculation rates and modes of 
operation) for efficient and economical operation. Whenever possible, only 
one process adjustment should be made at a time to allow sufficient time 
between each change for the process to respond and stabilize. 

Complete and accurate records of all phases of plant operation and malnten* 
ance are essential for accurate performance evaluation and process control. 
The preparation of operational records Is discussed further In "APPENDIX A", 

Review of In^Plant Recycled^low 

In evaluating the performance oj^the process or solving problems, a careful 
consideration ould be given to ^11 In^plant recycled flows* Often, In^plant 
recycled flows are the cause of organic or hydraulic overloading. The sludge 
processing operations may return debants from digesters, thickeners, centrl* 
fuges, or vacuum filters* The waste backwash water from effluent sand flltra^ 
tlon processes may also cause hydraulic overloading or other process control 
problems, The recycled flow from improperly loaded and operated sludge 
processing units may account for as much as 25 percent of the total plant ^ 
organic loading* Usually, the majority of recycled flows are returned to the ^ 
primary sedimentation units whe/e It is hoped organic solids wHI settle out* 
In mds^'\:ases this practice Is the^major cause of overloading secondary pro* 
cesses due to poor removal of solldis^ln the recycled flows sent to the primary 
sedimentation units* ^ - ^ • 



The additional loading then results in a gre^^er sludge production, and subse< 
quently an increased loading upon the sludge processing operation. In the 
tri 'Ming filter process, excessive COD or BOD loadings will eventually reduce 
effluent quality and cause anaerobic conditions lo occur in the filter. 
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Minlmli» th« 
recycled flews. 



Some guidelines tnat will reduce the effects of recycled ftows on the trickling 
filter process inct iethefottowing: 

1) Add flow continuously or during low night flows to avoid shock loads. 

2) Improve efficiency of sludge handling process. 

3) Utilize a lagoon or drying bed for poor quality decants from sludge 
processing operations. 

4) Avoid pumping excess water in underflow fed to sludge handling 
processes. 

5) Aerate or pretreat recycled ftows to reduce oxygen demands. 



2.04 PrtOCESo CONTROL 



select 
op B rating 
pirim«l«r5f0f 
best 

p«rtonnanc« 
w^hi«tstco£t 



Operational control of the trickling filter process primarily consists of reviewing 
operating logs and lab test results to select the proper operational parameters 
(recirculation rates, hydraulic loading) and modes that yield the required 
performance at the least cost. The plant operator must be cost conscious 
and concerned with the conservation of power, and the production of effluent 
that will mei*l discharge requirements. For example, to conserve power and 
minimize opsfrai'onal costs^ ihe operator should select and utilize the lowest 
recirculation rate that will provide the required performance, but not result in 
ponding, odors, filter flies, or other probtems. 



Slaging 



Staging relers to 
operating filters 
in sohds^ 



The term Staging refers to the operation of trickling filters in series. The 
purpose of staging is to produce a higher quality effluent by using the first 
filter in the series as a roughing filter. 



ModlflBd 
cciicopr 



An approach that has been used successfully in England involves alternating 
:ie filters, that is, the leading filter is alternated between the two filters 
operating in series. This practice is referred to as Alternating Double Filtration 
(A.D.F.). The primary advantage of this approach is that the slime liokness ts 
controlled m both filters by the atternate loadipg which tends to reo^^ce clog- 
ging problems. Unless the filter process ;s designed to operate with A.D.F., 
this flexibitity m the operational mode is usually non-existent. C^aUcally the 
mode of staging is dictated by design rather than operations, controt. As 
shown in Figure 11-2* both filters (stages) are generally constructed the same 
size with several options for recirculation incorporated Into the design. The 
selection of the recirculation scheme should be based upon process perform- 
ance. Use the scheme ;tfhich produces the best effluent. * 



Recirculation 



Whyts 

TBCIrcutMlon 

uitd? 



Recirculatfon ^ practiced In alt high-rate trickling fitter planis and to some 
degree tn low-rate trickling filter plants. Recirculation is utilized in high-rate 
trickling filter plants ba^icatly to maintain a constant hydraulic loading to 
prevent ctoggmg the voids in the filter media. In the low-rate trickling filter 
plant, recirculation may be utilized to maintain a sufficient dosing rate during 
low ftows. Various recirculation arrangements are shown on Figure lt-2. 



It-d 





FIGURE rr-2 
STAGING OF FILTERS 
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Con&ld^r 
tCMcElng«. 



When selecting the recirculation fiow scheme and rale, the hydraulic loading 
on the filter and affected clarifiers must be considered as well as the hydraulic 
limitations of the distribution and underdrain systems. As a rule of thujjib, 
the undercJram conduits and effluent channels should not flow nriore than 
One-haSf full. 



control on 

and 



Usually, the recirculatton ratio has a greater effect on filter performance than 
tho recirculation flow scheme. Recirculation ratios may (jg defined as parts of 
recirculated flov; per part of raw wastewater ftow« Therefdre. a ratio of 0.5 is 
equivalent to one ttalf gallon of recirculated flow for each gsifon of wastewater 
to be treated. Although some experimentally based equations have been 
developed to calculate the amount of (^recirculation needed, it is recommended 
that operational control be based on filter respcmse and process performance* 

In high-rate trickling filters, recirculation ratios (HIQ) usually range from 0*5 to 
4.0 with higher ratios considered to be economically unjustifiaole* Common 
engmeermg practice is to desfgn the high-rate trickling filter pnDcess for ratios 
of 0.5 to 2.0. ThcKling filters utilizing synthetic media employ recirculation as 
a means of nfiaintaining a minimum wetting rate, i.e*, a hydraulic loading 
tgpm/sq ft) which will maintain biological growth throughout the media depth. 
The recirculation ratto isditerminedas shown below; 



Example CaicuMion 

A. DataRequired 

1. Recirculation flovi/ = 0.2 mgd 

2. Raw wastewater flow = 0,4 mgd 

B. Determine Ihe recirculation ratio (Fl/Q). 



R/Q = 



recircLlation flow 
raw wastewater flow 



- 0*2 mgd 
0.4 mgd 

= 0.5 



Rftclrcul«tTon 
can mfnlmUo 
operAllontI 
prolilftms and 
Improve filter 
pffrformanc^' 



Recirculation is often utilized to improve filter performance and to minimize 
operational problems. Some of the advantages of recirculation include the 
following: 

1. Maintains biological growth throughout synthetic media depth. 

2. May improve operation of primary and final sedimentation units during 
low flov/ periods by reducing septicity. 

3. Dilutes high strength or toxic wastes to make them treatable. 

4. Minimizes hydraulic and organic loading variations. 

5. ^ Improves distribution of the wastewater over the filter surface, 

6. Minimizes odors, ponding, and filler fly breeding by increasing hydraulic 
fnading to encourage continuous sloughing and reduce slime thickness. 

7. Prevents biological growth from drying out during low flows. 



&9awaraof 
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Although the advantages of recirculation ^eherally outweigh the disadvan- 
tages, recirculation may. result in the followmg adverse effects: 

1. Reduces the wastewater temperWure and therefore lowers the rate of 
biological activity. In extremely cold climates, recirculation may 
increase the potential for ice formation. 

2. Recirculation through a sedimentation unit at rates exceeding hydrau- 
lic design limits may reduce efficiency. 

3. Increases operational costs due to higher pumping rates. 

4. If excessive, it may decrease the organic removal efficiency of the 
process. 

The operator should be familiar with all the modes of recirculation available 
to him at his plant. Some of the qommon modes of recirculation are shown on 
Figure 11-2. The mode most favorable to your particular operation should be 
selected. Operating costs should also be considered in the selection of 
recirculation modes and rates. 



Sludge Removal 
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Underflow (secondary sludge) from the final sedimentation units is often 
returned to the primary sedimentation units for resettling with the primary 
sludge. This method is commonly practiced to thicken the secondary sludge 
and reduce Ihe voMjmeof water pumped to the processing or sludge disposal 
facilities. The sludge withdrawal from the final sedimentation tank may be 
intermittent or continuous. Consideration to remove the sludge before it 
becomes septic tn the sedimentation lank should be mad^. Usually, visual 
inspection of the sludge characteristics is sufficient to determine if the with^ 
drawal rate should be increased or decreased. Due to periodic sloughing of 
biological growth from the filter media, the amount of solids settling in the 
final sedimentation unit will vary. Sludge from a low-rate trickling filter is 
relatively stable, and periodic removal at 3 to 24 hour intervals, depending 
upon operational conditions, is usually sufficient. During warm summer 
weather and periods of heavy sloughing, removal at 3 to 6 hour intervals may 
be required. Sludge from a high^rate trickling filter has a higher oxygfen de- 
mand> and therefore, it must be removed from the sedimentation tank within 
a short time, preferably on axontinuous basis. 



Sludge remov«E 
frequency Js 
Importflnl 



Occasionally, sludge is transferred directly to digestion units, and the fre- 
quency and rate of pumping must be set to maintain reasonable kludge 
Concentrations without permitting septic conditions to develop. Rising and 
floating sludge would indicate that the frequency of pumping should be 
increased, or that the continuous pumping rate should be increased. 



Trickling filter sludge is usually a dark brown, humus material with little or no 
odor when aerobic. Generally, trickling filters treating domestic wastewater 
Sludge produce 50C to 7;50 pounds or settleable solids per million gallons of waste- 

ctiiractertMic* water treated. The sludge produced by a lowrate filter usually has a total dry 

end productien. soUds Content of one to seven percent after settling in the sedimentation 

tank. The sludge produced by a high-rate filter is lighter and fluffier with a 
total dry solids conlent ranging from on&half to three percent. 
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There are several rnethods of estimating the volume of sludge that must be 
removed from a trickling filter process- The simplest method is based on a 
settleable solids test (Imhoff Cone Test) of a composite sample* of the filter 
effluent. The volume of sludge to be renloved may be estimated as follows: 



Exampie Catcoiaiion 

A, Date Required 

4. Filter effluent settleable solids = 4 ml/1 

(Average of a series of grab samples) 
2, Flowtoclaritier =^ 900,000gpd 

B. Determine the volume of sludge in gallons per day. 

(a) Sludge vol.. ^ (Settleable SoL,ml/l)(flow,gpd) 
gpd 1,000 ml/1 

: _ ( 4 ml/1) (900,000 gpd) 
1,000 ml/I . 



OR 



= 3600 gpd 

(b) Sludge vol. =ilHd3^VQ'^'^^>g£^ 
gpd 1,440 min/day 

3600 gpd 
1,440 min/day 

= 2.5 gpm 
Determine pump control 



(a) Percent time on = 



(Sludge Volume, gpd) (100%) 
(Pumping Rate, gpm) (1,440 min/day) 

(3600gpd)(100%) 



(50 gpm) (1,440 min/day) 
5% 



OR 



(b) i/llnutesper = (Percent TimeOn)(60minutes/hr) 
hour 100% 

„ (5%)(60mlnutes/hr) 
100% 



= 3minutes/hr 
'Composite sample* RefeftoSectton 4.02 for discussion. 
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A second method bf estimating ttie volume of sUrdge-te based on measurement 
of ttie sedimentation unit Influent and effluent suspended solids, ttie percent 
total dry solids in ttie sludge^ and ttie flow to ttie clarlflen Ttie volume of 
sludge to be removed may be estimated as follows: 



^xampt6 Calculation 

A* Data Required 

1, Flltereffluent suspended solids = JOmg/l 
(composite sample) 

2, Sedimentation unit effluent = 30mg/l 
suspended solids 

Z* . Flow to sedimentation unit ^0*9mgd 
4. Desired sludge concentration ^ 1,5% 
(Some allowance stiould be made for 
ttie Irregularity In ttie filter slougtiings) 



'^^^'^ Determine ttie suspended solids removed by ttie sedlm^r(tation 
\^unitinmg/L 

SS removed, mg/l = SSinfL, mg/h SSeffl,, m^/l . 



= 60 mg/l 

C, Determine ttie volume of sludge in gallons per day. 

Sludge Vol, gpd = (Flow, mqd)(SS removed, mq/l) 
Desired Sludge Cone, % 

/ * ^ (0,9mgd)(60mg/l)(100%) 

( t5% 



^ 3600 gpd 



2,05 LOADING PARAMETERS 

A trickling fitter process Is designed witti loading parameters as criteria for 
operation. Operation of ttie process wittiln ttiese parameters is essential If 
design performance Is to be actiieved and dlsctiarge requirements met on a 
continuous basis, Tlfie process control parameters for trickling filters are 
generally based on organic Ipading dnd tiy^raujlc loading* In considering ttie 
trickling filter process, ttie filter or Miters ahS ttie following sedimentation 
unit stio9d always be considered as one unit In botti design and operation* 
Ttie pro6oss control parameter for sedimentation units Is generally based on 
ttie surf^pe overflow rate. Exceeding ttie design parameters of any unit pro* 
cess will eventually result in a poor quality effluent* 




ERLC 



Trickling fllltfi 
iff dtilgntd 

with 

loidlng crltirti 
for optfillon* 



TRICKLING FILTER PROCESS 
SECTION IL* PROCESS CONTROL 



BOD loading In 
r«clrcult11on 
ftowahould bs 
Ignore. 



Organic Loading 

The organic loading is commonly expressed as pounds of BOD applied per 
day per 1,000 cubic feet, cubic yard, or acre-foot of media. Where recirculation 
is practiced, an additional organic load is contained fn the recirculated flow. 
This added loading is included in the calculations by some operators and 
omitted by others since ft is included in the influent load. The Water Pollution 
Control Federation Manual of Practice No. 6., Units of Expression for Waste-" 
Water Treatment, expresses BOD loading as )b BOD/day/1,000 cu. ft. excluding 
the additional BOD load contributed by the recirculated flow in the high-rate 
filter plant. To eliminate confusion in making data comparisons with other 
plants, it is suggested that the BOD of the recirculated flow be ignored. The 
BOD loading is determined as follows: 



How to 

calculate BOD 
foa cling for 
trickling 1 liters. 



Examf>f« Calculation 

A. Data Required 

1. Primary effluent BOD = I32mg/1 

2. Raw wastewater flow = 0.4mgrf 

3. Diameter of filter = 50 ft. ' ' 

4. Depth of filter media = 3 ft, 

B. Determine pounds of BOD applied per day, 

BOD Applied lbs/day =; (BOD, mg/l)(Flow, mgd) |8.34 lbs/gal) 
= {132 mg/l) 10.4 mgd) {8.34 lbs/gal) 
= 440 

C, Determine the filter surfacearea insquare feet.^ 
Syrface Area, sq. feet = {0.785)(Dia.,ft.){Dia.,ft.)* 

= {0.785) (50 ft.) {50 ft.) 
= 1963,5 j 
•Surface Area = x Dia. x Dia. = {0.785) {dia.) {dia.) or 0.785 {Dia)2 

D, Determine the volume of filter media tn 1000 cubic feet. 

Vol. of Media, 1 000 cu. ft. :.jS"rface Area, sq.ft.) {Depth, ft.) 

1000 units 

_ (1962.5 sq. ft.) {3 f t.) 
1000 units ' 



= 5.88 or 5.9 thousand cubic feet 
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( ■> 

E. Determine the BOD loading. 



BOD Loading, ibs BOD/day/ = BOD applied, lbs/day ; 

1000 cu, ft. ' Volumeof Media, 1000'cuJl. 

440, IbsJday 



5.9 thousand cu* ft* 



^ 75 
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Hydraulic Lwdlng 

The WPCF Manuai of Practice No. 6 expresses hydraulic loading as gallons 
waste flowOncluding recirculation) per day per square foot of surface area 
(gpd/sq. fQlTQften, the hydraulic loading of a tficKIIng filter h limited by the 
hydraulic capacity of either the distrltjutlon or underdrain systems. The 
hydraulic loading on the superrate trickling filters (synthetic medla^fllled 
towers) Is commonly expressed as gallons per minute per square foot of 
surface area (gpm/sq. ft). The hydraulic loading may be determined b3 follows: 

Example Caiculaiion ' 

A* Data Required 

1 Raw wastewater flow = 0*4 mgd =^ 400,000 gpd 
2* Recirculation flow = 0,2 mgd = 200,000 gpd 
3. DlamQteroffllter = SOft. 

t 

B. Determine the total flow applied to the filter ip gallons per da/. 
Total Flow, gpd = Raw Wastewater Flow, gpd + Reclrc, Flow^gpd 

= 400,000 + 200,000 
^ 600,000 

C. Determine the surface area of the filter In square feet. 
Surface Area, sq* ft. = (0.785) (Dia., ft) (Dia., ft)* 

=: (0.785) (50) (50) 
^ 1963*5 
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D. Ddtorminethe hydraukc loading. 



Hydraulic loading, =: 
gpd/sq. ft. 



Total FloWpQpd 



Hydraulic loading, = 



Surfac^AreapSq. ft. 

600,000 ' 
1963.5 



= 308 



*SurfaceAfea^=2iIi(Dia.)(Dia.) ^ 0.785iDia.)(Dia.}or0.785(Dia.)2 
T".- .4 

Surface Overflow Ratd 
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The surface overflow rate is the parameter^ com monlyjusod to measure the 
hydraulic loading on the sedimentation units.. The surface overflow rate Is 
expressed as gallons waste flow per day per" square foot of surface area 
(gpd/sq. ft.}. The surface overflow rate is directly related to the sedimentation 
unit's ability to effectively remove settleable solids. Normally, if the surface 
overflow rate is within the design range. It can be assumed that the detention 
time and weir overflow rates are also within the design range. However, con< 
sideration should be given to flow distribution which can cause short circuit* 
ing of flow through the unit. Sedimentation units which follow low and high i 
rate trickling filters are commonly designed with maximum surfac overflew 
rates of 1000 gpd/sq. ft. and 800 gpd/sq. ft,, respectively. 

The surface overlow rate is determined as shown below: 

Example Catcutatlon 

A. Data Required 

1 Peak hour influent wastewater flow = 600,000 gpd 

2. Recirculated flow from sedimentation ^ 300,000 gpd 
unit effluent 

3. Diameter of sedimentation unit » 40 ft, 

Determine the total flow in gallons per day. 

Total Flow, gpd ^ Influent Wastewater Fiow.Spd -h Recirculated 
Flow, 5pd 



= 600,000 -H 300,000 



^ 900,000 



TRICKLING FILTER PROCESS 
SECTION II PROCESS CONTROL 



C. Determine the surface area of the sedimentation unit in square feet. 
Surface Area, sq.ft. = (0.785)(Dia.,ft.)(Dia.,ft.)* 
« (0.785) (40) {40) 
s= 1256 



D. Oetemnine the surface overflow rate. 



Surface Overflow Rate, = ""'^^^ 

gpd/sq. ft. Surface Area, sq. ft. 

1256 



= 717 



.3.14 



*SurfaoeArea =^::^(Dia.)(Dia.) = (0.785) (Dia.)(Dia.) or 0.785 (Dia.)2 
4 
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2.06 OPERATIONAL PROBLEMS 

There are five problems which commonly occur in trickling filter operations: 

1) Filterflies 

2) Odors 

3) Ponding 

4) High effluent suspended solids 

5) Freezing 

Each of these problems is disucssed In the following sttotions. Although the 
trickling filter process does not require complicated or sfringent process^ 
control measures, it does require daily attention and maintenance for an 
efficient and trouble free operation. Some of these practices are listed below. 

1) Keep the distributororifices or spray nozzle^ee of obstructions. 

2) Keep excessive growths hosed off the distributor splash plates and 
the side walls above the media. 

3) Keep the distributor arm system in good repair and leveled to ensure 
the wastewater is applied uniformly over the filter bed. 

4) Keep all obstructive materials removed from the filter surfa e, the 
underdrain conduits and effluent channel. 

5) Avoid expected problems by Implementing preventive measures on a 
routine basis. 

6) Do not allpw problems to become eerious before correcting. 



/ 
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The filter fly is a gnat^slzed, moth^lIKe fly that often breeds In the slimes of a 
trickling filter Its dark brown, worm^llKe larvae live In the trickling filter slime 
per^rmlng a useful function by consuming the dead^d decaying biological 
stime growths. At the completion of metamorphosis, tne larvae emerge from 
the filter as adult files and they create a considerable nuisance when present. 
In addition to being unsanltarvp the files get Into the eyas, nose, and ears^ and 
cause a^great deal of physical discomfort and irritation. During the cooler part 
of the year, filter files usually exist In numbers which do ndt present problems* 
But In the warmer summer months, due to their shorter life cycle (7 days or 
possibly less), the files emerge from Infested filter beds in vast numbers, 
presenting a serious nuisance* Although the files are capable of flying only a 
short distance, they may be carried by the wind over consldera'jie distances 
to residential areas. ' ' ' 



Tipl( 



For these reasons, preventive measures should be Implemented asa routine 
program to avoid the development of a nuisance problem and subsequent 
complaints. Unfortunately, the filter fly and its larvae are not easily destroyed. 
The most effective means of control is to prevent the completion of Its life 
cycle, 

Some probable caused for filter fly problems include the following; 
/ 1. Poor distribution of influent wastewater, espelcaliy along the filter 

^ wall. ' ^ j 

2. Hydraulic loading raUs are Insufficient to keepjiy eggs and larvae 
washed from the filter media, 

3. Preventive measures program not being implemented on a routine basis. 

One or more of the following corrective measures may be needed to control 
fly problems In any given situation* The measures best suited to your particular 
operation with the least adverse effect on the quality of the plant's final 
effluent should be selected* The measures are listed In the suggested order 
of conslderattoa 

• The distribution system should be properly maintained so that wast^^ 
water Is uniformly appltecl over the media. Keep distributor orifices l^i 
spray nozzles free of all obstructions. Keep the biological growths 
adhering to the splash plates hosed off. If distributor arms sre not 
equipped with spray nozzles at the outer end to keep the media adjacent 
to the wall and the Inside surface of the wall wet^ either tap the ends of 
the dlstrlbu\or arm or open dump gates slightly fora spray effect. 

* Slow down the distributor arm rotation by reversing some of the spray 
nozzle directions. This will act to brake the rotating arm. 

* Increase the recirculation rate to help wash fly larvae from the filter 
bed. Hydraulic loadings In excess of 200 gpd'sq. ft. will often minimize 
filter fly problems. / 

• On a routine weekly basis, flood the filter for several hour^to prevent 
completion of the filter fly life cycle. When this measure Is used, con* 
sideratlon should be given to the resultam hydra^lk loading placed on 
the filters remaining in service. Care should be exercised in releasing 
the wastewater from the flooded filter such that the hydraulic design 
capacity of the secondary sedimentation units (s not exceeded, result* 
Ing In the washout of settleable solids. 



II 
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On a routine weekly basis, preferably during a period of low flow, dose 
the filter influent for several hours (no more than 8 hours at a time) with 
sufficient chlorine to maintain a 1 to 2 mg/l residual at the distribulor 
outEet. The application of chorine will cause sloughing of the upper 
layer of media slime where fly larvae gjid pupae reside. Caution should 
be exercised during prolonged chlorinellp^ication at higher residuals. 
This could cause toomUch of the slime lay^s^o^ldugh off and reduce 
filter performance. / ^ 
If not prohibited by State of local regulatory agencies, spray f iltej;^alls 
and other areas wh^ne the flies rest with a residual^type insecticide.' 
Do not spray insecticide onto the filter media, as the insecticide may 
harm the slime growth and contaminate the receiving waters. Insecticide 
treatment should be repeated at intervals of two or four weeks. Alternate 
the type of insecticide used to avoid developing a resistant strain of 
the fly. 
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Foul odors coming from a filter are generally due to anaerobic conditions 
occurring within the slime growlh of the lilter. When the available dissolved 
oxygen is cc^nsumed by the microorgahisms, conditions which cause an- 
aerobic decomposition will occur. It is normal for the innermost slime layer 
next to the media to be anaerobic, because of inhibited diffusion of oxygen 
through the outer slime layer. However, the outer slime layer must be com- 
pletely aerobic; and therefore, a continuous and adequate supply of oxygen 
(dissolved) is necessary for an efficiently operating filter. Foul odors do not 
commonly occur when aerobic conditions are maintained in the filter. When 
odors do occur, it is a good indication of inadequate operational and pnDcess 
contnDl procedures. 



Improve primiH^ 
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Some probable causes of odor problems include the following: 

t Excessive organic loading due to the following: an unusually high 
BOD in the ef luent wastewater; an overloaded or poorly operated primary 
sedimenr^'on unit; ovefloaded or poorly operated sludge processing 
operations resulting )n an In^plant recycle flow with a high BOD loading; 
or inadequate dilution by recirculation. 

2, Poor ventilation due to the following: a submerged underdraln system; 
clogged vent pipes (vertiCb^ pipes from undenjrain around inner 
circumference of pefiphery w^Hs); obstructed underdraln channels; 
natural ventilation is poor; or void spaces between media is filled with 
excessive gray to black biological growths. 

3. Filter is operatljig al or over its hydraulic and/or organic loading 
capacity. 

4! Poor housekeeping practices. Accumulation of debris on nieida surface. 

The following measures should be implemented to resolve odor problems: 
• Evaluate the operation of the primary sedimentation tanks for possile 
means of improving efficiency. An Influent baffle may be needed to 
prevent shorl -circuiting, or an Improvement in Ihe scum bafffe niay be 
necessary to prevent the toss of grease particles from the tank. 
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Utilize One of the commercially available masking agents to make 
odors less noticeable, thereby avoiding complaints. This should not 
be considered as a solution to the operational problem, but only as a 
means to avoid a public relations problem while the source of the 
problem is located and appropriate corrections are made. 
Maintain aerobic conditions in t^e wastewater collection system, and 
in primary and secondary sedimentation units {prevent septicity). Re- 
circulation of filter effluent, or final effluent, through the primary 
sedimentation units during low night flows would be helpful in reducing 
septicity. The same principle can be utilized by recirculating effluent 
through the secondary sedimentation units. 

Remove alt debris (leaves, sticks, paper, etc.) Irom the surface of the 
filter media. 

Check to see that vent pipes are clear. 

Remove all debris from filter effiuent channel and periodically flush 
obstruclive materials from the underdrain system. 
Increase recirculation to the filter to dilute the strength of the applied 
wastewater, to flush out the excess biological growths, and to improve 
oxygen transfer. The hydraulic loadfrf0^pplied to the filter should not 
be so great that the underdrain sy^em is flowing more than one-half full. 
On a daily basis, dose the filter influent for several hours, preferably 
during a period of low flow, with sufficient chlorine to maintain a 1 to 
2 mg/i residual at the distributor outlet. Prolonged chlorine application 
at higher residuals may reduce filter performance. Chlorlnation only 
lessens the problem until a permanent solution such as plant expan- 
sion, irhproved operation, or a larger recirculation pump can be provided. 
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Ponding also known as pooling, is the formation of pools of wastewater on 
the ftlter surface due to clogging of the void space between the media. The 
voids may be clogged by excessive biological growths, accumulated debris, 
non-uniformiy sized media, or disintegrated media fragments. Clogging of the 
media voids wUI inhibit air and wastewater passage, thereby reducing filter 
performance and resulting in anaerobic conditions which are responsible for 
foul odors. The potential for ponding can be minimized by use of a sufficient 
hydraulic loading (relative to the organic loading) to keep excess biological 
growths flushed from the media voids on a routine basis, and by removing any 
debris which may accumulate on the media surface. 



Some probable causes of ponding problems include the following: 

1. Application of a high-strength waste with Inadequate dilutiori by 
recirculation. ' 

2. Inadequate hydraulic loading in relation to the organic loading to keep 
media voids flushed. 

3. Non-uniformly sized media where smaller partlr^les fill the void space 
between larger particles. This inhibits air ventilation and passage of 
wastewater 

4 Disintegrating media resulting in clogging of the void space. 
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5 Uniformly-sized media which ts loo small to provide adequate void 
space for air and vvastev;ater passage at ^^urrent loadings. 

6 An accumulation of moss, snaits, leaves, sticks, or other such materials 
which clog filter voids. 

One or more of the followmg corrective measures may be needed to control 
ponding depending on the cause and seriousness of the problem. The meas^ 
ures are listed in the suggested order of consideration. The measures best 
suited to your particular operation with the least adverse effect on the quality 
of the plant's final effluent should be selected. 

« Remove all leaves, paper sticks, and other debris accumulating on the 
media surface. 

« Increase recirculation to reduce i,tfiuert strength and improve the 
hydraulic ffustiing of media votds. 

• ■ ^ -^f^d flush the affecisd portion of the filter su^" ce with a high 
pressure stream of water. 

• Loosen the surface fayer of rock in the affected area by raking or forking. 

■ Dose the filter influent for2to4 hours(preferably during o\a iiow)with 
sufficient chlorine to maintain a 1 to 2 mg/l residual at the distributor 
outlet. Residuals of 20 to SO nng/l may be needed when ponding is 
serious and tt is ne:^essary to unfoad the majority of the biological 
growth. Significant unloading of the slime layer will reduce the treat^ 
ment efficiency until a biological balance Is re-established. If lh& treats 
ment facility lacks i>rovlsions for application of chlorine to the filter 
influent flow, chlorinated fime (34%) or HTH powder (70%) may be 
applied lo the affected area at a dosa^a of 8 to 10 pounds of chlorine 
per 1,000 square feet of {titer surface. 

• If the construction of *'ie filter permits, flood the filter, keeping the 
media submerged for about 24 hours. When utilising this method, con- 
stderation should given to the resultant loading pfaced on the filter 
units remaining in service. To prevent surcharging o' the secondary 
sedimentation units, release \he wastewater from the flooded filter 
$jov/ly» preferably dunng ihe low nigJic flow period. 

• Remove the filter from service allowing the slime growths to dry out 
When placed back into service, the loosened growths drop from Ihe 
med . ano wash out with the filter efffb nt. The length of drying required 
depends on the weather and ihe thickness of Ihe growth;^. A few hours 
of drying may be adequate lo slouph the excess growths, while for more 
Seriously clogged mediai one or more days of drying time may be 
rec;ui^ed. Portions o' a filter media may be dried out by closing off 
individual distributor arm orifi-^es 

• In the event each of the above measures faif to relieve the problem, 
remove $ome of the media for cieanmg and inspection. If t media is 
found to be in satisfactory condition and uniformly-slzed (3 to 5 jnchef^} 
It can be carefufty placed back into the friter If the media is defective 
or too ^mall ii must be* replaced 

CAUTION All filter underdrain systems can be easily damaged by the 
weight of heavy equipment or careless placement of media 
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The efficiency of the trickling filter process is dependent on . removal of 
filter sloughings m the final sedimentation units. A high suspended solids 
concentration in the sedimentation unit effluent is usually indicative that a 
problem exists in this portion of the trickling filter process. 

Some probable causes for high effluent suspended solids include the following: 

1. The unit is hydrautically overloaded due to excessive flow rates in 
conjunction wHh recirculated flow rates* or the flow is unevenly dis- 
tributed between multiple units. 

2. Sludge collection equipment needs adjustment or repair. 

3. Baffles or skirts need repair. 

4. Effluent weirs not at an equal elevation. 

5. Temperature currents. 

6. Rate of sludge withdrawal or frequency ts inadequate. 

7. Heavy sloughing caused by temperature and^iologtcal activity. Shock 
loadings duo to toxic wastes or organic and/or hydraulic overloads. 

The following measures should be implemented to determine as well as 
resolve the problem. 

• Check for broken welds, bolts, su».poris. and/or holes in the baffles 
and make any needed repairs. 

• Check that effluent werrsare set at an equal elevation and make my 
needed adjustments. 

• Check that the sludge colle^ ion equioment is operating prc-P. .]> T he 
condition of the sludge scrapers or flights should be checked and 
clearance between the floor and scraper adjusted if needed. 

• The operator shoulo check the hydraulic loading on each clarifier(sef} 
Surf ace Overflow Rate) by either measuring the flow t'' "^achclarifieror 
by estimating the flow balance between multiple units as indicated by 
the depth ol flow over the weirs in each of the clarifiers. OvertoacJing 
can result from excessive flow or unevenly distributed flow between 
multiple units. 

• Compare the calculated surlace overllow rate with the design rate. If 
the current rate exceeds the design rate, the unit is overloaded and 
efhcient operation can be restored if additional sedimentation facilities 
are provided. The installation of baffles in the existing unit may im- 
prove settling. 

• A temperature profile of ihe sedimentation unit will identify the presence 
ol any temperature currents. The temperature probe on a dissolved 
oxygen meter is an- excellent tool for this procedure. To make the 
survey, the tennperature profile is measured and recorded at the head, 
one quarter, one half^ three quarters and end of a rectangular or square 
unit, or at tiie quarter points across a circular unit. At each point, the 
temperature is measured at the surface and the quarter points down to 
the bottom ol the tank. Be careful that the temperature probe and wires 
do not get entangled in the sludge collection equipment. If the deeper 
temperatures are consistently cooler by 1 to 2* or more* tempe'^ature 
currents are present. The settling will be improved if baffle? ars in. 'ailed 
to break up the currents and stop the turbulence. 
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If the i^ludge floats to the sedimentation unit surface in clumps with 
numerous small bubbles attached, the problem is most likely related 
to septicity or denitrification. This problem is best resolved by increasing 
the sludge removal rate to draw the solids out of the unit more rapidly. 
Polymer addition to the sedimentation unit influent flow may improve 
the capture of suspended solids. The type of polymeV and initial dosage 
should be determined in the lab by jar tests. It has been reported that a 
1 to 2 •Tig/l dosage of cationic polymer has been effective in some 
circumstances. The polymer dosage should be peripdically adjusted on 
the basis of the most effective sohds capture with the least amount ot 
chemical addition. The rate of sludge removal should be increased 
during periods of chemical addition and heavy sloughing. 

Conditions such as abnormal pH*s, temperatu/es, or toxic chemicals 
can be best controlled by enforcing strict industrial waste discharge 
ordinances. Increasing the recirculation rate will help to buffer tliC 
effect of shock loads. !However, harmful industrial dumps should be 
stopped or neutralized :x\ their source whenever possible, if possible, 
a toxic shock load (usi^ally characterized by an abnormally low or high 
pH) should be diverted to a holding basin and returned to the plant 
influent at a very \o\^ rate to minimize its effect on the biological pro- 
cesses ill the treatment plant (digesters as well as trickling filter 
processes). 

FrequenJ hydraulic shock loads may justify the addition of flow equal- 
ization basins. These basins should be aerated and mixed to prevent 
septicity and settling of the solids. In some cases, hydraul:^ shock 
loads can be buffered by using the influent wet well and adjo.* mg in- 
fluent pipe for equalization and controlling the influent wastewater 
pumps to level out the peak flows. The practice of holding wastewater 
in the influent sewer for more than a brief period must be avoided. 
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This problem is hmited to those areas of the cot. itry that experience freezing 
weather conditions. Wastewater that is exposed as a thin film or is not in 
motion ts very susceptible tc temperature loss and subsequent freezing. To 
some extent, loe formation can be minimized by appropriate operational 
procedures. 

Causes of freezing problems include the following: 

1. Loss of tcnnperature in the applied wastewater due to recirculation 
Hhe filler acts like a cooling tower), 
strong prevailing winds which increase heat loss. 
Wastewater standing in the distribujjjw system which may freeze 
when intermittent dosing is practiced 
4 A thin film of spray which freezes more readily than a coarse stream 
of spray 

The potential for fee formation can be reduced by the following measures: 
• Decrease recirculation as much as possible to red cooling effects 
upon the wastewater. 



2. 
3. 
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• Operate two-stage filters in parallel lo reduce cooling effects by 
making fewer passes through the filters. 

• Adjust orifices and splash plates for a coarser spray effect. 

• Construct a windbreak to protect the filler from prevailing winds and 
reduce heat losses. 

• Where intermittent dosing is practical open the bleeder valve in the 
lower end of the distribution m§in slightly. 'This wilt drain the system 
between doses. 

• Partially open the dump gates at the outer end o( the distributor arms 
to provide a stream rather than a spray along the retaining wall. 

« Cover open pump sumps and dosing tanks to reduce heat tosses. 

• Break up and remove ice formations which may obstruct operation. 
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3.01 INTRODUCTION 



Why popular 



The trickling fitter process was first used in the United States in 1908, and hat 
remained a popular form of wastewater treatnr,ent since that time. Inexpensive 
Oration and process stability are the primary reasons that the trickling filter 
has remained a popular treatment process. As energy costs increase, the 
usage of trickling filters as roughing filters is likely to increase. 



TrickttnQ fiit«r 



The trickling filter process consists of a trickling filter and a sedimentation 
unit. The filter struc^.ure Is filled with media which provides surface area for 
the microorganisms to attach themselves. The wastewater is applied at the 
surface of the trickling filteCand it trickles oi splashes over and through the 
voids of the media where uie microorganisms are attached. After the waste* 
water passes through the fitter, it is collected in an underdrain syster^ below 
the media. Solids which reamin in the wastewater are then settled and .moved 
from the sedimentation unit. A portion qf the filter effluent (Day be recirculated 
to the head of the filter as shown on Figure MM. 
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TYPICAL TRiCKLING FILTER PROCESS 

FIGURE (11-1 

The total amount of microorganisms attached to the trickling futer media is 
called the biomass. The biomass includes algae, bacteria, fungr, protozoa, 
and higher life forms of organisms such as worms, snails, and insect larvae. 

Facultative bacteria are the microorganisms responsible for Ihe maionty of 
the treatment which occurs in the tnckling filter. The surface microorganisms 
are aerobic while the microorganisms immeciiaiely attached to the media sur- 
face or where dissolved oxygen is absent arffanaerobic. 

because they contain vast numbers and varieties of microorganisms, trickling 
filters^ are capable of adapting to changes in environmental conditions and 
loadings. For ihis reason shock organic loads have less elfect on this process 
than on some modes of the activated sludge process. 
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Dgiinitions 

Operation of the trickling filter process requires a basic understanding of 
some key words commonly used by operators. The following provides a 
framework for understanding wfiat'a trickling filter consists of and wfiat makes 
^ it function as a treatment unit. 

• MEDIA is placed^n a structure to provide a surface for tfie micro* 
organisms to attach themselves. The media frequently consists of 
rocks, plastic £iheeting and redwood laths. 

• DISTRIBUTOR ARM is the most common method of evenly applying 
the wastewater ovei' the niedia in- the structure. The arm is generally 
propelled by the momentum or force of waste"*ater being sprayed 
from orifices located on the arm. 

• BIOMASS refers to the ^al mass of microorganisms attached to the 
media. !n concept, the blomass is similar to the Solids Inventory^used 
in activated sludge terminology to describe the total amount of micro* 
organisms in an activated sludge system. 

• RECtRCULATlON refers to the pumping of the filter effluent back to 
the head end of the trickling filter. Recirculation evens out variations 
in the hydraulic loading. 

• SLOUGHING is tfife process by which the excess growth of the micro- 
organisms falls ofjf of the filter media. When the thickness of the 
biological growth is too great, the excess microorganisms are washed 
off of the media and discharged with the filter effluent. 

• FILTER UNDERDRAiN consists of a sloped floor under the filter media 
which allows the wastewater and sloughlngs to collectlip a channel^ 
From the channel the wastewater and sloughlngs (filter Affluent) are 
transferred tothe sedimentation unit for settling and removal. 

• HYDRAULIC LOADING refers tothe amount of wastewater applied to 
the surface of the trickling filter media. The hydraulic loading is calcu^ 
lated by dividing the average daity influent flow by the surface area of 
the filter media. The loading parameter is commonly expressed as 
gallons per day per square foot of surface area (gpd/sq. ft.). 

• ORGANIC LOADING refers to the amount of 80D or COD applied per 
unit volume of filter media per day. The organic loading is commonly 
expressed as pounds of 80D applied per day per 1000 cu. ft. (lb 80D/ 
day/1000 cu. ft.). 

• LOW RATE TRICKLiNG FILTERS are Operated with an organic loading 
^Of 5 to 25 lb BOD appiied/day/1000 cu. ft. The tow rate filter will fre- 
'^quently produce a nitrified effluent, and low rate filters are becoming 
slightly more popular because of this capability. 

• HIGH RATE TRICKLING FILTERSare Operated with organic loadings, 
of 25 to 100 lb 8OOapplied/day/1000cu, ft. 

• ROUGHING FILTERS are operated at loading rates above 100 tb80D 
applied/day/1000 cu. ft. A roughing filter is u$ed to reduce the amount 
of 80D and/orCOD in the wastewater. 

• BIOLOGICAL TOWERS refer to the type of trickling filters that are 
sj^nthetic media-filled, tower-like structures. These towers are some- 
times referred to as oxidation or roughing towers, Because of their 
high hydraulic loading, they are often classified as Super-Rate trickling 
filters. 
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• STAGING refers to operating trickling filters in series.. Staging is 
practiced to produce an effluent with a lower BOD and/or COD con- 
centration, ^ 



3.02 PROCESS DESCRIPTION 



Wattale 
i1[m# growth 



The trickling filter process consists of spraying the wastewater over a bed of 
media, such &s crushed rock, cynders, slate, redwood laths, or molded plastic 
materials to form a biological slime layer. This slime, or zoogleal film, is com- 
posed primarily of bacteria, protozoa, and fungi, and at times includes worms, 
fly larvae, rotifiers, and snails. Usually sunlight promotes an algal growth on 
the bed's upper surface. As the wastev;ater trickles downward through the 
voids of the media, organic matter and dissolved oxygen are absorbed into 
the film and at the same time, the metabolic end products such as carbon 
dioxide, water, nitrates and sulfates are released. 



Slim* grwrth 

( 



When the slime law loses its ability to continue clinging to the. media, usually 
due to either the excess thickness of the slime layer and/or the scouring effect 
of the wastewater flow, portions of the slime layer slough off into the waste 
flow, The waste flow containing tlie metabolic end products an^sloughin^s 
flows into an underdrain syslem which supports the media and pefmtt^r 
circulation. The underdrain system has a ${oping bottom conveying the waste 
flow into a rr^ain effluent channel. 



S3oughlnOAar# 
cepturedlnih* 
cl«rifl»r 



In ^ single stage system, the collected trickling filter effluenf is conveyed to 
a sedimentation unit for the removal of the settleable sloughings. In a muiti* 
stage system, fmal sedimentation would follow the last trickling filter stage. 
In some ca^es the system may have intermediate sedimentation units between 
the trickling filter stages. ^ 



PHnclpl» 
components of 
pwett. 



The principal components of the trickling filter process consist of the following: 

1. The distribution system through whfch the wastewater is applied^ 
the filter media. 

2. The fflter media which provides surface area for the microorganisms 
to grow. 

3. The underdrain system which supports the media and provides drainage 
of the waste flow to a collection channel while permitting air circulation. 

4. A final sedimentation tank for the removal of the filter sjoughings. 

A crosS'section of a typical circular' trickling filter is Shown on Figure III-2 
With the principal components identified. 



V Rot ary Distributor 

\ 

The rotary distrlbuta consists of two or more horizontal arms that are mounted 
Whtttnumuio on a turntable assembly anchored to a center column, as shown on Figure 

diftuitwtionann |||.3. The wastev^aler is uniformly distributed over the media by orifices 

located in the G;de of the distributor arms. Usually, the reaction force of the 
wastewater spray fron the orifices provides the force needed to rotate the 
distributor assembly. In some cases, the distributor assembly is mota drivea 
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The turntable rests upon and revolves on a ball bearing assembly which 
operates In an oil bath with a mechanlcahtypa seal between the rolatlng 
turntable and the stationary bas6 to eliminate oif leakage and contact with 
the wastewater. 



MtlnUntnc* 
provlilon** 



The distributor arms are commonly braced by horizontal tie rods. To maintain 
the distributor arms in the horizontal position and permit seasonal adjustment, 
the aims are supported vertically by adjustable guy rods from a center mast, 
A dump gate Is provided at the outer end of each arm for flushing the 
obstructive materials from inside the arm. Often, an orifice is provided In the 
dump gate to spray the edge of the media to discourage fly breeding. Usually, 
a drain plug is provided in the center column to facilitate shutdown procedures 
and prevent damage due to freezing. 



Oletrlbutor •rm 
rotttlon «p«c<i. 



The distributor arms are sized to prevent velocities in excess of 4 feet per 
second (fps) at maximum flow. Generally, the rotation spe$^ of the reaction 
driven unit will vary with the flow rate In the range of 0.1 to2.^srpm. The four- 
arm distributors are often equipped with weir boxes at the cenVet column to 
confine the flow to two arms at minimum flow rates. This feature is provided 
to maintain proper reaction force for the rotation of the distributor arms from 
a minimum flow to a maximum flow. 




FIgur* III-3 
Rottry Distributor 
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Fixed N022le Distributors 



Uncommon In 
newer plants. 
Found mostly 
tn oldefplants. 



Uniform spray 
appltcatlon. 



In the rock'fitied filters, fixed nozzle distribution systems are uncommon and 
are usually found at older facilities. The distribution system consists of 
stationary pipes placed in the filter bed with inverted nozzles located at 
strategic points fora relatively uniform coverage of^spraying wastewater over 
the media. Special nozzles constructed with a deflector for a flat spray pattern 
are usually used in these filters. Dosing tanks are utilized to provide an inter- 
mittent wastewater application. The dosing tanks are usually designed to 
provide a minimum rest period of 30 sec. at maximum flow. Figure 111^4 illu-' 
strates the fixed nozzles, a dosing tank^nd distribution systenrv. 

The dosing tanks also provide a varying head so that the spray falls first at a 
maximum distance from the nozzle and then at a decreasing distance as the 
head drops. This technique provides a relatively uniform application. 



Oeap bad nitar 



W}<)i the introduction of synthetic media, construction of deep-bed, fixed- 
no^zl^l^ters provide greater contact time and higher wetting rates of waste- 
vvfiter applied. The nozzles are strategically located at points along pipes 
spraying downward over the bed. 



Dosing 



Dosing by 
sip}ion, pumps 
or gravity. 



The hydraulic head required for operation of the distribution system may be 
provided by dosing tank&, pumps, or by gravity discharge from the preceding 
treatmentunit. 



Dosing t^nks are usually equipped with an automatic siphon controllin^'the 
maximum and minimum head conditions. They also provide an intefTnittent 
dosing frequency, A typical dosing siphon isshmvn in Figure 1114, 



Media 



fAottB does oot 
niiar 

wastewatar bul 
musi be 
durable, 
msoiubia and 

untformiy-sifed 



The media in a tricKling filter does not provide a straining or filtering action as 
implied dy the name, but provides a surface area for the growth of a slime 
lam which IS responsible for the removal of organic matter. The media may be 
crushed rock, slag, coal, bricks, redwood blocks or lalhs, molded plastic, or 
ar^y durable, insoluble and uniformiy^sized material, Uniformity in media size 
IS required to provrde adequate void spaces for air circulation and to avoid 
flow restriction resulting in a condition known as ponding. The size range of 
rock media is lisually 3 to 5 inches in diameter depending upon the hydraulic 
loading that the filter has been designed for. Hlgh^rate filters use a larger 
media thar^ the low^rate filters. The durability, cost, and availability are some 
of the factors that determine the type of media used. The depth of media in 
rock filjecT filters range from 3 to 8 feet with the majority of the biological 
activity uccurrtng m the upper 3 feet, 

Ir^ receni years, several forms of manufa^^tured media have been introduced, 
The manufacttJired media provides a greater surface area per a specific volume 
upon which the zoolgeal film may grow while providing ample void space for 
the free circulation of air Additional advantages are; a uniform media for 
better Lquid distribution, light-weight material allowing construction of 
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FIXED NOZZLE DrST Rl BUT lOH SYSTEM 

FIXED-NOZZLE DISTRIBUTION SYSTEM ^ 



FIGURE MI-4 
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AdvailaQfls of 
synthellc media. 



RedwMKi lath 



PtaAlfC media. 



deeper bed$, a greater BOD removal in a given volume of media; chemicaliy 
reststant. and an ability to handle high strength wastes, such as those from 
the food processing industry. 

One type of manufactured media is redwood laths constructed into4x 4 foot 
racks with spacer raits between Jayers and space between the, laths allowing 
for air circulation and water flo\^. The racks are stacked vertically with laths 
and spacer rails. The rough-sawn lexture of the redwood enhances the reten- 
tion of siime grow*hs. Figure III-5 ijiuslrates the redwood lath media. 

The molded plastic media consists of modules of interlocking or bonded 
corrugated sheets of plastic arranged somewhat like a honeycomb. The 
modules of media are stacked so that they interlock and fit the filter configur- 
ation. Jhe corrugated surface h\ the plastic media enhances the retention of 
the slime growths. Filters utilizing plastic media are often constructed 15 to 
30 feet deep, thus the terms biological or oxidation tower has been introduced 
to identify these installations. The synthetic media have a higher miminum 
wetting rate (i.e., rateof ^low per unii area) which will maintain a slime growth 
throughout the media depth ^Oi optimum performance. This rate of flow may 
range from 0.5 to as hign as 2.0 gpm/sq. ft. (30 to 125 mgd/acre) depending 
upon the type and configuration of the media. Design parameters for a specific 
media are available from^he manufacturer. A typical exampleof plastic media 
is shown in Figure III-6. ' 
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REDWOOD LATH MEDIA 

FIGURE III-5 
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Underdrain 



FlUflr 

underdrain 
system mutt 
provide 
adoquate 
removal 
effluontand 
provide 
.adequate atr 
circulation for 
efficient 
op era I [on. 



The underdrain system collects the filter effluent and transfers it to the 
subsequent filtration stage or sedimentation tank. The system consists of 
braces which support the filter media. The floor is sloped to collect the filter 
effluent m a channel. The underdrain braces may be spaced redwood stringers 
or slotted blocks constructed of concrete or more commonly, vitrified clay. 
The underdrain also allows air to circulate '^nrough the media to provide the 
oxygen transfer pecessary to maintain aerobic conditions essential to efficient 
filter operation. Ample underdrain capacity is necessary for rapidly discharge 
ing the effluent, and for air circulation and aeration. With natural ventilation, 
the underdrain ,systefi1 and effluent channel are usually sized such that not 
more than 50 percent of \{$ cross sectional area will be submerged at peak 
hydraulic loading. Some trickling filters have vertical vent pipes around the 
inner circumference of the structure wall to provide ample ventilation. Other 
trickling filters have drainage ducts extended tnrough the filter structure wall 
to provide ventilation. 
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Ventilation 

pfoperftiier Adequate ventilation is very important in aclileving efficient filter operation, 

vdniiiattonis Usually, with an adequately sized underdrain system, the difference in air and 

«niu«i. wastewater temperature will provide adequate natural ventilation. However, 

forces'' ventiialion may be necessary in some of the following instances: 

A. Filters with extremely deep beds, such as the biological towers. 

B. Filters situated below grade. 

C. Heavily loaded filters. 

D. Filters covered by a dome for winter protection, or odor control. 



Natural Ventilation 



Natur«l 
venlilatlon 
occurs by 
differences In 
lemperaltire. 



Natural ventrlation occurs by gravity due to the temperature differential 
between the wastewater temperature and the outside air temperature. 
The heating or cooling of the air will cause a density change resulting 
in an air movement {heated air rise^and cooled air falls)! Therefor*^, the 
direction of air flow will depend on the temperatures of the air and waste- 
water, if the air temperature i$ warmer^than the wastewater temperature, 
the cooled-air flow will he downwardThrough the filter. If tl;ieatr tempera- 
ture is lower than the u astewater temperature, the warmed-alr flow will be 
upward through the filter. 



Forced Ventilation 



Forced eir 
venlllalion 
should bein ihe 
same direction 
a$naiUiJl:itr 
ctirront 



Usually, forced ventilation systems are designed to provide an air flow of 
1 cfm/sq. ft. of filter area with airflow in either direction. The fans should 
be operated to circulate the air in the same direction as the natural air 
Current. The ventilation units must be equipped with air-tight seats lo avoid 
corrosion problems. At some locations, the air is exhausted through 
scrubbing towers for the removal of odo^^ous and corrosive gases that are 
formed in treating the wastes. This is true particularly from food*processing 
industrial wastewater. During freezing or low air temperatures, it is a wise 
practice to restrict the air flow to minimize freezing. The volume of air 
required to sustain an aerobic filter operation is in the vicinity of 0.1 cfm/ 
sq. ft. of filter area. However, this rate will vary depending on the organic 
loading and microorgani-'^m activity in the filter. 



Final Sedimentation 



Flitfl 

sedimentation 
tank Is en 
Important unit 
In Ihe irlckilng 
filter pro^ss. 

Design Is 
similar lo 
primary tanks. 



The final sedimentation unit is an essential component since trickling filters 
convert the organic matter to a s^ttleable biomass which periodically or 
continuously slough (drops) from the filter media. Therefore, the efficiency of 
the trickling filter process is dependent upon the removal of this sloughed 
biomass in the final sedimentation unit. 

The design and construction of the sedimentation unit is similar to, thai of 
primary sedimentation tanks. Determination and review of the clarifier loading 
parameters is discussed in Section 2.05. , 
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3.03 TRICKLING FILTER CLASSIFICATION 



trIcMiliOfllUri 



Trick ing filters are generally classified as lowrate* hlgh^rate* or roughing' 
' ,,a. These ciasslilcations are related to the application rate of the hydraulic 
and organic loadings cin the filters. Loading parameters and other operational 
characteristics for various filter claBslflcatlons are given In Table 'Iht Trickling 
'liters may be further categorized a3 follows: 
A Depth 

B. Nijmber of Stages 
C Media Type 

D. Recirculation Flow Scheme 

Distribution ^ Fixed or Revolving 
F. Dosing Fr^iquency ' Intermittent or Continuous 



Connmor 

trlckMng f iilir 
loading. 



The organic load on a filter Is ususMy expressed as the moasurement by 
weight of BOD applied per unh volume of filter media. The Wat: Pollution 
Ccntrol Federation Manual of Practice No. 6, expresses organic loading as 
pounds of BOD er day (in waste applied) per 1000 cubic feet of filter nnedia 
volume (lb BOD/day/1000 cu. ft.). 



Low^Rate Tricktlnfl Filters 



How Irlckllng 
about. 



Trickling filters probably originated from the use of Intermittent sand filters. 
The wastewater was allowed to pass through two or more feet of coarse sand 
where the microorganisms converted the organic -natter Into stable end 
products. The need for greater removal per unit volume of filter media prompted 
the innovation of contact flltei'5^ wh^ch were basins tilled with rock. 



The famed LatArence Experiment Station of the Massachusetts State Board 
of Health ts generally credited with setting up the first experimental trickling 
filter. They demonsitated that a slow movement of wastewater through a 
gravel media coated with a biological slime would produce an Increase In 
removing BOD from the wastewater. This concept v/as Impraved by an English- 
man, Joseph Corbett^ by the Innovation of a spray distribution system and a 
false bottom underdrain system. 




LOW-RATE TRICKLING FILTER 

FIQUtlE III-7 
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How « low^ritd 



Low'tBte filters'are not usually equipped for recirculation except for the 
relurn of the sedimentation unit underflow (I'jdge) to Ihe plant headworks 
Some plants do practice recirculation, however, mostly durmg low flow peiiods 
Recirculation prevents the biological slime from drying out and thus improves 
filter performance. C5enerally, a thick, heavy biological growth is developed 
on the filter media with only a periodic sloughing. A seasonal change m 
temperature or wastewater application rate will cause large amounts of the 
biological growth to drop from the filter media. Such an untoadrn^^ ^ especially 
noticeable \p the spring and fait The filter sloughings are usually ^ell oxidized 
and settle readily. ^ 



6lologtc«l 
icltvltyind 
«f1ici«ncy of a 
iavv*rii« filler. 



Most of the biological activity in a lovy-rate filter occiir$ »n the upper throe 
feet of the filter bed allowing ihe autotrophic oitnfying bacterta to grow m the 
lower portion or the filter. A properly loaded and operated low-rate tnckiing 
filter process will consistently produce a high-quality, weil-nitnfied effluent 
with a BOD and a suspended solids content m the r^inge of to 25 mg/l 



Odoriand1ii«$ 

common 1o 



Conc»pi(0l« 
hfgh-rsti nJisr 
proc«ss. 



How a high rato 



The low-rale filtor is a highly reliable biological process with the ability to 
consistently oroduce a high Quality effluent even v^ith fluctuating loading 
rates. Proper control measures m^iSt be taken to minimize nuisances, such as 
odors and filter fly breeding which are common to low-rate filters 

Hl9»-Rate Trickl ing Filters 

By using in-plant recirculation to dilule the influent organic str?'igth and to 
keep the media vords flushed, high-rate trickling filters allov/ greater BOD 
loadings per volume of niedia. Recirculation also results m the return of active 
microorganisms to seed the filter and aids m t*^e pre'ention of odors j?nd 
flies. High-rale filters may be either single-stage or two-stage. The two-stage 
destgn is capable of achieving the same removal rates as ihe io^;if-rate UW&i 
However, nitrification does not generally occur unless ihe BOD loadmg lo the 
secof^d stage is sufficiently reduced. 

High-rate trickling filters are generally designed lo receive a continuous t^ovv 
of wastewater All high-rate filters are equipped for recircuiafron, aithougn 
some ulilize this feature only rlurmg periods of Irw flow {See Figure Hi 6 tor 
typical recircu^ation^schemes for High^Rate Tncklif^g Filters) The recirculation 
system is commonly d'^signej to provide a ratio of 0,5 to 2 Some syster>)s 
however, utilize recirculation to maintain a constant hydraulic loading on Ihe 
filter Tne depth of media in a high-rate filter ranges from three to eight feet, 
with most filters m the thiee to five foot range. To avoid cloggmg and ?mprove 
ventilation, a larger size media is used. The media is usually relatively umfofm 
and in the range of three to five mch 



ifoughi almost 
ccnttniiou»iy 



Due to the greater hydraulic loading, the excess biological growths are 
flushed from the m»?dia on a nearly continuous basis This sloughed materut 
*s not fully oxidized, and has a high BOD content which can C3use problems 
in the sedimentation unit. Although not as dense as the low-rate filter the 
high-rate filler sloughings shM settle readily. A single-slage, high-rate filter 
process usually h^isa 80D removal efficiency ol 65 to 85 perrenf and seidOrn 
exhibits any sigmficanl degree of nitrification A two-stage, high rate filter 
process may attain BOD removal efficiencies ot 75 to 90 percent with varying 
degrees of nitrification which depends on ihe organic loading, tiHer depth, 
and wastewater temperature 
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HIGH-RATE TRICKLING FILTER 



There aro a number of patented modifications of rcc^iri> Jiation schemes to the 
high-rate trickling filter process. Some of these recirculation schemes are 
shown on Ftgure ni-9. A brief di&.cussion of these modifications follows: 

AorO-Fltter 



RftClfculation 
loffonfol**»«T 
cturin^j low 



The drstinguisning feature of this process is the method of sprayfng the 
wastewater over the media. Specially designed distributors are usually 
utilized to provide a ^raindrop" appfication on a maximum surface area at 
one ttme, Recirculation (from the final sedimentation tank to the filter 
inflcant) practiced only during periods of fow fJQw to maintain a mini- 
nr^um hyd'^auiic toadii g of 13 mgad. This procedure allows for an efficient 
distributor operation. A deep media bed of 8 feet is recommended for the 
Aero'Filter with a minimum depth of 6 feel. The second filter of a two- 
stage system may have a niiinirrum depth of b feet. 



to ironi o1 
tank 



BioFllte: 

The Bio-Fitter has a relatively shallow media bed of 3 to 5 feet. The ois- 
tmguishing feature of this process is the method of recirculation. FiJter 
effluent, or final sedimentation tank effluent, is returned to the head of 
ihe primary sedimentation tank. Thi? method of recirculation requires 
larger sedimentation units than normal; however, better sedimentation 
operation can be attained during periods of low flow. 
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Accelo-Filter 



R«ctrculal1on lo 
Ifonlof flUar 
conllnuoutiy 



The Accelo-Fiifer has a relatively deep bed d6pth» generally about 6 feet. 
The distinguishing feature of this process is the method ol recirculation. 
The filter effluent is returned to the inlet of that filter or a preceding 
inter where it mixes with the raw wastewater- A recirculation ratio of 2 to 1 
is recommended, \his method of recirculation reduces filterodtors and Ity 
breeding* and increases th^ dissolved oxygen concentraticfti. l^e recir- 
culation also continuously reseeds the influent lilter flow with active 
microorganisms sloughed Irom^nj^ ftter without affecting the hydraulic 
loading on the primai^y or final sedimentation tanks. 



Roughlng-Rate Trickling Filters 



Roughing fni«r« 
Art usod to 
buff«r high 
leadings on 
iubse<iu«nt 
blologlcfil 
processes. 



Roughing filter^ are usually designed as an intermediate stage of treatment, 
and many tinges precede activated sludge treatment or second-stage filters. 
Theih primary function is to reduce high organic loadings on a subsequent 
treathient process> Often, roughing filters are utilized at plants receiving 
high-strength industrial wastes> A roughing filter may be either a rocMilled 
lilter or a synthetic media-filled tower receiving a >ery high organic loading. 
Roughing filters have a very high BOO removal efficiency. Generally, a BOD 
removal of 40 to 70 percent can be expected from a roughing filter process 
that include sedimentation. 



Figure IIMO shov/s a typical roughirig filter installation. 
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With the introduction ol various types of synthetic media, a new concept in 
trickling filters has been de\^elcped. The synthetic media possesses a greater 
surface area and votd space than the conventional crushed rock media. This 
aUows a greater growth of biological slime per unit volume and permits 
greater hydraulic loadings on the lilter without obstructing air Mow and 
oxygen transfer^ The synthetic media is lig^ .^eight, permitting the construc- 
tion of deeper filter beds, resulting in smaller diameter units. The increased 
depth IS required to provide sulficient contact time at the higher hydraulic 
loadings. As the recommended bed depths lor synthetic media are 15 to 30 
leet, the resulting tov/er like structures are sometimes referred to as biological 
oxidation or roughing towers. The most important application ol the biological 
towers has been as roughing units to absorb toxic or unusually sfrong in- 
dustrial wastes and high soluble BOO wastes from food processing industries, 
/ 

At San PablO[. California a roughing tower buflers the activated sludge process 
by absorbing shock loads Toxic wastf^s occasionally kill the organisms m the 
upper portion of the roughing tower, however, the lollowing activated sludge 
process is protected and the roughing tower readily recovers 

The synthetic medja filters are not limited to use as roughing filters, they are 
capable of producing a high quality effluent with BOO loadings m the high- 
rate range. Biologjcal towers utilizing piastic packing at 50 to 100 lbs BOD/ 
1000 cu. It /day are capable of ach 9ving approximately the same performance 
as rock fflled fii'iers with an orgamc loading of 30 to 60 lbs BOO/1000 ou, ft7day 



III 15 



TRICKLING FILTER PROCESS 
SECTION III ' FUNDAMENTALS 



PRlMAfW 

clarireh 



I 



/ \ 

*\ Tfl>CKUN> J flLTEH 




SECONOAnY 1 i trrwtta 



AERO-FILTER 



PPJMAHV 



^ TRICKUHG FILTER 



/ \ 

CLWIFfEH J * 



BIO -FILTER 



PRIMARY To»^i,,.^«iT« I 'J SECOHCARY trtt^nt 

CURIFIER ^ TRICKUNG FILTER f f\ CLWIHEH ; ^ 



ACCELO -FILTER 



T 



TRtCKUNG FILTER VARIATIONS 
FIGURE m- 9 



lll.162?l,' 



TRlCKLiNG FUTER PROCESS 
SecnON III FUNOAMeWTALS 



Recirculation Is 

used to 

mftiniain 

biological 

growth 

throughout 

tfeplh of fn^lft 



Figure isapliotograph showing tlie oxidation (biologfcal) towers used at 
Fairfield* California to buffer and reduce tlie organic loading of high-strengtli 
brewery waste on tlie activated siudge process. The air scrubber towers 
(center) are used to avoid odor nuisances. These oxidation towers are covered 
and utilize forced ventiiation for exhausting the foui air through the scrubbing 
towers, 

Recirculatton is utiltzed to provide the hydrauiic wetting rate that wiii main- 
tain the growth of a bloiogicai slime throughout the depth of the media. This 
minifnum wetting rate depends on the type and shape of the media. The BOD 
removal efficiency of a biologicai tc er is greatly dependent on the main^ 
tenance of a healthy biological slime throughout the media depth, as weii c^s 
the wastewater characteristics, mode of recirculation, and type of synthetic 
media, A decrease m BOD removal may accompany wetting rales that are 
greatly above or below the minimum wetting rate. Modes of recirculation may 
include oneoracombinatton of the following: 

1. Return of the tovjer effluent to the tov^er influent to seed the media 
shme growth with suspended biologicai (stoughings) growths, 

2. Return oi the clanf ier effluent to the tower inf uent to dilute the strength 
of the inilucnt wastewater, 

3. Return the sedimentation unit underflow to the tower influent for lha 
build-up of microorganisms to absorb shock loads, and to Improve 
efficiency Sometimes* the underfio\; may be reaerated prior to ns' 
turning m the tower tnl;oent This will provide additional buffering for 
periods of shock Joading. 
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An essential tool for proper process control is frequent and accurate sampling 
and laboratory control tests. By relating the lab test results to operation, the 
operator can select the most effective operational parameters, determine the 
efficiency of his treatment processes, and Identify developing probtejns 
before they seriously affect effluent quality. Thereforei laboratory facilities 
piay an Important role In the control of an aerobic biological treatment facility. 
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Good sampling procedures are the key to meaningful laboratory analyses. A 
typical sample represents only a small fraction of the total flow, and great 
care must be exeiClsed to ensure that the sample is representative. If this 
Is not accomplished, the subsequent analytical data |$ worthless for process 
control Therefore, the Importance of good and accurate sampling techniques 
cannot be overstressed. 

The exact location of sampling points wtthin a given treatment plant cannot 
be specified because of the varying conditions and the pfant design. However 
it is posslbfe to present certain general guidelines which are presented on 
Figure tV-1. 

Two types of samples may be coflected, depending upon the purpose of 
sampling. The first is a dip or "grab" sample which consists of a single por- 
tion collected at a given time. The second type of sample is a "composite" 
sample that consists of portions taken at known times and then combined m 
volumes that are proportional to the ffow at the time of sampling. These 
combined portions produce a sample which is representative of thevi'astewater 
characteristics over the entire sampling period* 

The preferred sampling procedure* except for certain lab or field tests which 
mu^t be run immediately (Dissolved Oxygen, Temperature* pH), is to collect 
hourly samples over a day, having sample volumes that are in proportion to 
the wastewater flow rate- When available and where possible, automalic 
sampling devices should be employed, Thd sample containers and sample 
lines should be thoroughly cleaned each time to prevent sample contamina- 
tion. The hourly grab samples should be composited into a labeled plastic 
gallon bottle and kepL/refrigerated at 3 or 4" C. to prevent bacterial decom* 
position. For some /tests (such as the nitrogen tests), other methods of 
preservation may bye needed, refer to Standard Methods for recommended 
preservation proceaures. A final composited sample volume of 2 to 3 liters is 
usually sufficient to perform all routine tests. Where collection of an hourly 
sample is not feasible, a 2 or 3 hourly sampling procedure is the next best 
alternative. The sampling method and time of sampling should be noted upon 
the lab record (log) sheet as refercnr.e for later data review and interpretation. 
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QrabSamples 

Grab samples are representative of the instantaneous chiaract eristics of the 
wastewater If it is only possible to collect grab samples^ they shouW be 
collected when th*^ (realment plant is operating at peak flow conditions. 
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SawpUng point should be readily 

accessible and adequate safety A ' 

precautions should be observed. / 






No deposits or materials should be 
collected from the side walls or 
the water surface. 


. '"HO'* 






Sample must be taken where the 
wastewater is mixed and of 
unifoHP composition. 


Mixeo 






Large or unusual particles should 
not be collected with routine 
samples. 








SafRple should be delivered and A 
analyzed as soon as possible, 
Stored sawjp'^es must be 
refrigerated at 3 to 4** C. 
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WASrrWATER SAMPLING GUIDELINES 
FIGURE IV- 1 
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^Sample collection shoulc{be conducted systematically at vanous sampling 
locations during the flow seduerf^e through the plant Grab sampling times 
may be systematically staggered to ac;count for the ref^pective hydraulic 
detention time of each unit proems !n this manner, a slug of water may be 
theoretically followed IhrouglTthe treatment plant. For example, if the hy- 
draulic detention period through a particular unit process is 'two hourS: 
then the grab saiiiple of the effluent from ihis unit should be collected two 
hours after the influent sample. In this manner, the samples can be assumed 
to be representative of the wastewater before and after treatmertt. 



24-Hour 
composlles are 
ttt« beat for 
delermlnlng 
organ] clodding 
and 

pefformanCQ, 



Composite Samples 



Composite samples generally represent Ihe wastewater characteristics over 
a specified period of time. The ideal procedure incorporates the use of 24^hour 
composite samples consisting of hourly grab samples proportioned to the 
flow at the time of sampling. This procedure is only feasible in treatment 
facilities with 24'hour attendance or where automalic samplers are warranted. 
Adequate results, however, can generally be obtained from analysis of , com- 
posite samples collected over a shorter period. In those facilities where 
automatic samplers are not available, collection of composite samples 
during the number of shifts worked would be sufficient as long as peak flow 
periods are included. A total composited sample volume of approximately 
three liters is generally sufficient to perform the routine process control tests. 

The totsil &Tiount of sample required, the number of samples required, the 
lateof flow at the time of sampling, and the estimated average daily flowVate, 
can be used to calculate the amount of sample to be collected dyring eaph 
Sampling period to represent the daily flow from the following equation: / 

Amount of Sample tocol[ect,ml = 



/I 



( Raleof f l ov^, mgd @ t imeof sampling) (Total sample required, ml) 
(Number of samples collected) (Average daily flow, mgd) 



Cslcuialion for 

composite 

sampling* 



Exampfe Oafculation 

A. Data Required 

1. Rate of flow at timeof sample collection p. 1.5 mgd 

2. Total sample volume required = 3 liters or 3000 ml 
Note: ml = (liters) (1000) 

3. Numberofsamplestobecollected = 8 

4. Average daily flow = 0.9 mgd 

DetermineXe amount of sample to be collected for the present 
flow rate in milliliters. 
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Amount of sample 
to collect, ml 



(Rate of flow , mgd) (Tot al sample required, ml ) 
(Number of samples) (Ave, dally floWi mgd) 

- (1 -5 mgd) (30 00ml) 
(8) (0,9 mgd) 

= 625 ml 
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laboratory Control Program 

The specific laboratory tests and frequency which they are performed for 
process control and^ performance evaluation ^^tll vary from plant to plant 
depending on the type of trickling filter process, plant sizejaboratory facilities, 
available manpower, and technical skills. Minimum sampling and testing 
programs for typical trickling filter processes are presented on Figure IV-2. 
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Low-hate Tricif^lng Filter Process 

The iow^rate trickling fitter process does not require complicated or 
stringent process control measures. tHoweven^he process does require 
daily attention to maintain efficient and trouble-free operation. At a 
srfialler plant, the following tests would be sufficient in evaluating the 
performance of a low-rate filter process: 
BOD 

Settleable Matter 
Suspended Matter 
Temperature 
pH ' 

Dissolved Oxygen 

At a larger plant, the laboratory control program should also include 
ammonia and nitrate nitrogen determinations. The presence of 2 to 15 
mg/l of nitrate nitrogen in the filter effluent usually indicates a high 
degree of stabilization. A typical sampling and testing program may be- 
dsveloped for a low-rate filter process by referring to Figure IV*2, 
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High-Rate Trickling Filter Process 

Like the low-rate trickling filter process, the high-rate process requires 
limited daily maintenan:^e for an efficient and trouble-free;operation. The 
recirculation flow scheri^e and rate shoiJId be regulated to attain the best 
possfEjIe performance at the least expense* At single-stage trickling filter 
plants, the following tests would be sufficient in evaluating the filter 
performance: 

• eoD 

• Settleable Matter 

• Suspended Matter 

• Temperature 

• pH 

• Dissolved Oxygen 
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SAMPLING AND TESTING PROGRAM FOR 
TRICKLING FILTER PROCESS 

FIGURE VI 2 
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At two-Stage filtration plants where nitrification is being achieved, the 
laboratory control program should atso include ammonia and nitrate 
nitrogen determinations. For development of a typical sampling and testing 
program, referto Figure tV-2. 
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Roughing Filters^Blologlcal Towers 

"The fotjowing laboratory tests will be valuable in performance evaluation 
of a filterbeing operated^s a rotighing unit: 

• B&D 

• Temperature 

• pH 

• Dissolved Oxygen 



If solids sedimentation occurs, the following tests should also be included 
to monitor the sludge removal and effectiveness of the sedimentation, 
unit: 

* Settleable Matter 

• Suspended Matter 

For development of atypical sampling and testing program referto Figure 
IV-2. 
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In a biological tower where the sedimentation unit underflow>(settled 
matter) is returned to the tower influent, process control is somewhat 
more difficult and requires a more stringent monitoring program. Th6 mix- 
ing of these flows results in a biological mass similar to that of mixed 
ilquor In the activated sludge process. The following laboratory tests 
would be valuable in performance evaluation and process control: ^ 
f Suspended matter and BOD of the influent and effluent flows. 
Suspended matter concentration of the tower effluent flow. 

• Suspended matter concentration of return sludge flow, 

0 Set^leability (settlometer) test of the tower effluent flow. 

• Dissolved oxygen of tower effluent and before effluent weir in 
clarifler. 



Process conirol 
concept. 



Process control primarily consists of the operator selecting and maintain- 
ing the recycle rates and the suspended matter concentration in the 
tower effluent fl6w that produces a sludge with good flocculating and 
Settling characteristics, and consequently an acceptable quality of 
effluer^L the excess filter sludge (amount of sludge equal to that produced ' 
each day) is usually wasted from the system on a dally basis. For labora- 
tory and process control procedures, and sampling and testing program 
refer to the "ACTIVATED SLUDGE PROCESS" division. Sections II and IV, 

4,03 LABORATORY CONTROL TESTS 

This section of the manual is provided to increase understanding and to 
develop an appreciation oMaboratory control tests. 
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Vhe tests discussed are those necessary for routine pi ocess control when the 
biol6gfcal system is operating properly. Additional analyses and increased 
frequency of analysis for the routine analysis may be required for abnormal 
conditions. Specific suggestions are made for abnormal operation tn Section 
I, ^'TROUBLESHOOTING," However, the operator must rely upon his own 
judgment jio determine which analyses he needs to conduct to supply the 
information that he desires. 



Typical 



Typical worksheets have been provided in Appendt^ A to assist the operator 
in developing systematic data collection, calcUJation, and recording. Pre- 
_,cautionary procedures are [presented for each of the tesj[s presented in this 
section to make th* operator aware of the common pitfalls. Except where a- 
specific note Is made, all analyses a^e referenced to the fourteenth.edition 
of "Standard Methods for the Examination of Watersand Wastewaters/' 
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Biochemical Oxygen Dem^d (BOD) 
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The biochemical oxygen den^nd is determined by incubating a sample of 
known volume in the presence of microorganismsi excess nutrients, and 
dissolved o,.;gen. A" properly conducted BOD analysis will have organic 
matter as the growth limiting substance. If oxygen is limlling, the analysis 
lsnot.meaningful. 

The BOD is an indexof.the amount of oxygen that will be consumed by the 
decomposition of the organic matter in a wastewater. The analysis consists 
of measuring the initial dissolved oxygen con cent rati on, incubation for five 
days at 20° C, and measuring Hie final dissolved oxygen. The difference in 
dissolved okygen concentration corrected for the initial dilution is cafted the 
'BOD, The BOD test iSs^related taboth the organic loading upon the biological 
process as well as the removal efficiency of the process. The difference be- 
tween the BOD applied and the BOD leaving the process is equal to the BOD 
removed by the process. The difference is part of the data required todeter- 
mine the Wadihg upon the process. For example, the organic loading upon 
the trickling filter processJs expressed as ihe pounds BOD applied per day 
per 1000 cubic feet of filter media. Historically the organic loading on a 
trickling filter has' been expressed as BOD applied. The efficiency of the 
process isdetermined by the^Jollowing formula: 

BOD applied: ib/day BOD leaving, ib/day x 100 ^ removar efficiency, % 
BODappli^, lb/day 

In tflis determination, the combined efficiency of the trickling filter and 
clarifiersffe considered. 
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Precautionary Procedures 

When performing BOD analyses th^ following procedures should be 
followed in conjunction with the procedures outined in Standard Methods. 
:i) A minimum of two dilutions per sample should be usedi Only 
analyses with oxygen depletions Of greater than 2 mg/1 but with no 
less than a residual of^.O m^/l after five days of Incubation at 20* C 
' should be used to calculate the bOD« Generally, the highest value 
calculated should be Osed to represent Ihe BOD, 
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2) Samples should be welt mixed before the dilutions are made. A 
wide tip pipette should be used for making the dilutions. The wide 
tip does not clog with suspended sotids. / 

3) Samples and the dilution water must be carefully/added to the 
- BOD bottle to avoid aeration^nd the possibility^ of entraining 

bubbles in the solution. ^ 

4) The BOO incubator mi/sf be maintained at 20"" ± 1"" C for the entire 
5 day (Note: 120 hours) period. Record the temperature of the 

' incubator from a NBS certified therpiometer placed in a beaker of 
water in the incubator. 

5) IF the BOD value of the more dilute sample is always greater, this 
may indicajte that there is some toxic material ifi the wastewater, 
which is inhibiting the bacteria. A series of dilutions should be set 
up and run. if the BOO is increasing with higher dilution, this may 
indicate a condition known as a toxic slide. Further analyses 
should be conducted to determine the nature of th^ toxic material, 
and if it appears that the concentration of the toxicant is significant, 
efforts should be initiated to identify the source and reduce the 
concentration of the toxicant in the wastewater. 

6) Use of a primary standard is strongly recommended. The standard 
should be made of glucose— glutomic acid mixture— and it st1o^1d 

^ be made up at a BOO near those levels in the treatment. fStant 
influent. The primary standard should be made up and analyzed 
weekly. Any significant variation (more than ± 20%) should cause 
the operator to be suspicious. Efforts should be undertaken to 
review the laboratory procedure, and find out what is causing the 
problem. Each operator should analyze the standard and the results 
should be within i10%. Operators not falling within this range 
should review their laborator techniques and make the appropriate 
adjustments. 

7) Wastewaters fhat have been partially nitrified may prodoce^high 
BOO results. The Increased oxygen demand results from the oxi^ 
dation of ammonia to nitrate. The use of allylthioMrea In the dilution 
water wilt inhibit the nitrtf fers and alleviate this problem. 
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Chemical Oxygen Demand (C OD) 

The COD is an estimate of the total oxygen demand that results from the de- 
grad^le organic matter. The analysis consists of oxidizing the organic matter^ 
with potassium dichromatein a heated strongly acidic solution. 

While the BOD analysis is an Index of the biodegradable organic matter, it is 
rot very useful tor process control because of the five day lag in time. The 
COO test is rapid (3*4 hours); It is not subject to interferences from toxic 
tTiaterrals;andit is not affected by ammonia oxidation. 

The COD removal of a biological process is directly relatable to the amount of 
biological growth that can result from this removal. The COOanatysis'suffers 
from the disadvantage that it does not measure the rate of biodegradability 
of matter removed and therefore It istjifficult to predict the effects of effluents 
on the oxygen resources of receiving waters and the treatability of a particular 
wastewater. 
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Precautionary Procedures 
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When performing the COO test, the following procedures should be 
followed In conjunction with those outlined in Standard Methods. 

1) Initially, the analyst should run triplicate samples to establish the 
variability of his analyses. Once this variability is established, 
Samples can be an^ilyzed without replication, 

2) Use a wide tip pipette to ensure that a representative sample is 
taken. 

3) Glassware used for the COD analyses must be washed with hy- 
drochloric acid, hot washed, and rinsed three times with distilled 
water. 

4) Extreme caution and safety precautions should be practiced when 
handling the chemical reagents for the test. Goggles, a rubberized 
apron and asbestos gloves are essential equipment. 

5) If a sample mixture turns green during or immediately following 
Ihe heating period, the analysis is not valid and should be re^ 

. examined in a more dilute sample. If the problem reoccurs then 
the laboratory technique should be reevaluated and the sample 

^ Should be checked for likely Interferences, such as high chloride 
concentration pr the presence of a strong base. 

6) A primary standard consisting of.pota^slum acid phtalate should 
be analyzed on a weekly basis to ensure that the analyses are con^ 
srstent. The COD concentration of the standard should be near 
the level of the COD of the wastewater. (See Standard Methods.) 



Soluble COD and BOD 
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The discussions on BOD and COD have been limited to tf|e measurement of 
the tota! COD and ^OD. The soluble BOD and COD are more meaningful for 
mS'asuring performafice. The soluble BOD or COD is determined iri exactly 
the mannerdescrled above, except that the sample is filtered through a mem- 
brane filter prior to the analy3is.'The use of this filtering apparatus Is discussed 
under the suspended matter analysis. ^ 
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The settleable matter test (also known as the Imhoff Cone Test) js a measure 
of the volume of solid matter that settles to the bottom of an Imhoff cone In 
one hour. The volume of settled solids is read as milliliters per liter (ml/1) 
directly from the graduations at the bottom of the Imhoff cone. 

This test Is of value Iq providing a quick and efficient check of a'sedimentatlon 
unit. Additionally, a rough estimate of the volume ot solids removed by the 
sedimentation unit can be made, ^nly a trace of settleable solids should 
remain In the secondary effluent, and very little should remain In the primary 
effluent. Poor settleable matter removal may fhdicate the following related 
problems which may occur In sedimentation basins: 
Primary and Secondary " ^ 

1) Hydraulic overload. 

2) trregulaf llov^ dislributions to multiple units. 
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' 3) Excessively high velocity currents. 

4) r Effluent weirs of uneven height - short circuiting. 

5) Improper sampling technique. 

6) Improper raw sludge removal rates. 
Secondary Only 

'1)^ Biological upset* 

Precautionary Procedures 

When performing the settteable solids test, the following procedures 
should be followed in conjunction witti those outlined in Standard Methods. 

1) Take a sample volume greaterthah one liter. 

2) Use grab samples for this analysis* 

I '3) Fill the Imhoff cone exactly to the one liter mark in one rapid 
pouring without stopping* - 

4) After the sample ha? settled tor 45 minutes, either gently tap the 
' sides of the cone o( gently spin the cone between the palms of 

your hands to settle those solids adhering to the sides of the cone 
abQve the compacted settled lay^rat the bottom of thecone/^ 

5) Read.and record the volume of settled matter (ml/1) at the end of 
one hour. Read the graduation at the average solids depth and not * 
at a peak orvoid area on the surface of the setiled solids* 

Total Suspended Matter 

The suspended matter test refers to the solids in suspension that can be . 
M««»ur«6tfh9 removed by standar<j filtering labor'at^ry procedures. The suspended matter 

fiitffVabi^ is determined by fHtering a Kn^wn volume of sample through a weighed 

^ glass-fiber or membrane filter disc in an appropriate filtering apparatus* The 

filter with the entrapped solids is oven-dr d at 103* - 105* Cand then cooled 
in a desiccator and subsequently weighed. The increase fn filter weight 
represents the suspended matter. ^ ^ ^ 

The signlficanj^e of the suspended matter test is generally dependent on the 
type of .treatment process and thd location of measurement within that pro* 
cess application. Results of the test have^ the following uses in process 
control: ^ " . \ ^ - . ^ 

1) Evaluating the organic sti'ength of the wastewater* , 

2) Evaluating clarifjer solids loading. ^ f 

3) Determine the sludge recycle rate by calculation. 

4) Calculating clariflersolids^apture. * ' 

5) Estimating the solids invento/y. 

Precautionary Procedures ' - ' 

When performing the su^pendeil matter test, the following procedures 
should be followed in conjunction with.the procedures outlined In Standard 
Methods* 

1) The sample must 0e thoroughly mixed prior to taking ^ sample 
aliquot. 

' • \ 
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Uci wld6 tipped 
pipette. 



Temp4ritur« 
between 103^ 
105* C, ' 



2) Do not use a small-tipped pipette to measure the sample aliquot. 
A wide-tipped pipette should be utilized to permit passage of the 
larger solids and to facilitate rinsing. An alternate hnethod of 
obtaining a ss^ple aliquot would be to pour It into a graduated 

. cylinder.' - ' , 

3) Rinse^il adhering solids from graduate (or pipette) with distilled 
water Potir rinse wateMhrough the filter ' 

4) Test results that appear faulty or questibnable Should be^dis- 
regarded. 

5) Itis important to always maintain a temperature of between 103 - 
^ 105* C in the drying oven. The temperature must be monitored and 

recordec/ in a record book. ^ ' ^ 

6) Be sure that the paper filter is properly seated in the filtration' 
apparatus before pouring the sample. This is easily accomplished 
by wettirig the filter paper with distilled water, then applying 
vacuum to the filtration apparatMS. 

7) Samples containing high solids levels may require more lhan one 
* hour to completely dry. 



8) Be consistent in the length of time the filter apparatus and paper 
- are allowed to cool in the dessicator both before and aft6r fntering. 
9} Use Whatmar^ GF/C filters and a millipore filter apparatus with 
sintered glass s^at for this analysis. 



Nitrite Nftrogen 
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Nitrite {NO2) is an intermediate oxidation state of nitrogen between amn\onia 
nrtrogen and nitrate^nitrogen. Nitrite is transatory and, readily amenable to 
both bacterial oxidation to nitrate or reduction to nitrogen gas depending 
upon environmental factors sucn as dissolved oxygen and microbial conditions/ 

The nitrite concentration can be used to monitor hovs^^well nitrification is 
progressing in a treatment process. High nitrite concentrations indicate in- 
complete nitrification, and could lead to problems, such as high chlorine and 
oxygen demands. ^ 

Precautionary Procedures - ' 

f - ^ 

When performing the nitrite nitrogen test, the following procedures shpuld 
be followed in conjunction with the procedures outlined in Staridard 
Methods. \ ■ " ■ , 

1) Use extreme caution In handling the chemfcai reagents to avoid 
injury or damaged clothinjg. 

2) Due tothejnstabilityof nitrite (N02)« the composite sanlpies used 
for the nitrite analysis should be preserved by one of the following 
methods: (a) freezing, or (b) Spil^f chloroform per liter of sample. 

3) The samples must be cool when the analysis is performed or 
erroneous results will be measured. " 

4) Deviation from standard procedure may yield erroneous resuKs. 
Be conslslent in your laboratory technique. 
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Nitrate Nitrogen 

Nitrate is seTdom founci in raw wastewater or^primary effluent, because facu-' 
ftative microorganisms can readily use nitrate as an oxygen source. In the 
l>iological treatment process^ the ammonia gitrogen can bemicrobtologically 
<^ldized to nitrit^ and then to nitrate^depending on the microorganisms 
present and the environmental factors such'as pH, temperature, and dissolved 
oxygen. 

Seconclary effluent may contain frpm 0 to50 mgfl nitrate nitrogen depending 
on the total nitrogen content In the, raw wastewater and conditions of treat- 
ment. Low-rate trickling filters with relatively deep beds can produce highly 
nitrified ^effluentSf while a single-stage, high-rate trickling filter will rarely be 
_ capableof nitrifying. ,^ , - 

Precautlonarv Procedures 



J. 



U»tt)»Srticlnft 
Method* 



When performing the nitrate nitrogen lest, the following procedures 
should be followed in conjunction with the procedures oiitined in Standard 
Methods. 

1) Use th^ Brucine method for routine analysis. 

2) Analyze the sample as soon as possible to avoid bacterial reduc- 
tion of the nitrate. ■ 

3) Preserve samples that cannot be analyzed immediately by either ' 
freezing or by the addition of 5 ml of chloroform per liter of sample. 

Ammof^ta Nitrogen 



AiTiMturffOf 
ftf»formof 
niifOQ^nttiaf 
^^ttt tilgti 
ctilorln^ 
d^rnand^ and 
fltti toxicity. 



This test measures the nitrogen presept In the wastewater as ammonia. 
Ammonia.nitrogen in domestic wastewater is generally between 10 and 40 
mg/l. Primary treatment may increase the ammonia nitrogen content slightly 
due to decomposition of some protein cornpt>unds during treatment. In 
secondary treatment process* ammonia can be qxldlzed to nitrite then to 
nitrate in varying degrees dependlOg on factors^^^such as the residence time 
of the microorganisms, wastewater temperature, and oxygen reliability. 

The significance of this test is associated with the oxygen demand required 
to oxidize ammonia ir, the biological treatment process pr-receivin^ stream. 
Theoretically, the oxidation of' one pound of-ammonia nitn:»gen requires 4.6 
pounds of oxygen. This test is also valuable in evaluating the performancg^of 
^ treatment process d'jsigned to nitrify. Other significant problems relating 
to a^mi^'^ia are high chlorine demands, fish toxicity, and high oxygen dernand 
on receiving waters. ^ ■ \ ^ 

Precautionary Procedures 

When periorming the Ammorft^ Nitrogen test, the following procedures 
shouEd be followed in conjunction v^^ith the procedures outlined In Standard 
Methods. 

1) Use extreme caulion in handling the chemical reagents to avoid 
injury or damaged clothing. ^ 

2) Deviation from standard procedures rna/yield erroneous results 
Consistency In laboratory techniques Is essential. 
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Total Phosphorus 

Phosphorus is one of the nutrients essential to biological growti m secondary * 
treatment processes. 'Most wastewaters have nhore phosphorus available 
than is required for biological growth and assimilMion of the carbonaceous 
BOD. A deficiency of phosphorus may result from high waste loading from 
industries, such as canneries which generally have wastes that are high in 
carbohydrates and low in nutrients. Such a phosphorus deffrpiency may limit 
biological g*rowth and lead to poor BOD rerfiovals. 

Typical raw domestic wastewater contains approximately 10 mg/l of phosphorus 
of which 20 to :) percent may*be removed by thejgrowth ot microorganisms 
which are wasted from the process. Greater removals may t~ obtained by 
various processes involving addition of a metal ion such as iron or aluminum 
to chemically precipitate iroh or aluminum phosphate. Other removal pro* 
cesses Involve pH adjustment by addition of lime or other means affb chemical 
precipitation of a calcium phosphate. 

\ Precautionary Procedures 

When performing the total phosphorus, lest, the following procedures 
should be followed in conjunction with the procedures outlined in Standard 
Methods. 

1) Use extrr^me caution in handling the chemical reagents to avoid 
injury or damaged ciOthing. - ^ 

2) Record specific procedures used fbrpretreatment of sample and 
measurement of phosphorgs concentration with test results. Also, 
clearly indicate the expression of the test results, Per PO4. (Note: 
I.OOmg/1 Pequals3.06 mg/l PO4.) 

*3) Deviation from standard procedure may yield erroneous results. . 
Be consistent in your laboratory technique. 
♦ 

Dissolved Oxygen 

Dissolved oxygen (DO) is that oxygen dissolved in liquid and is usually ex- 
pressed as* milligrams per liter (mg/l). There are various tests to determine 
the DO content of water. Generally, the'iodometic methods and the membrane 
electrode (DO probe) are best suited for the domestic wastewater application* 
The azide modification of the iodometrlc method (also known asAA/inkler 
Method) is re com mended. Tfor most wastewater and stream samples. When 
determining the DO in trickling filter effluent ^ndother bi^>logical floos which 
have a high oxygen utilization rate, the copper sulfate*sulfa'mic acid floccula* 
tlon modification should precede the azide nrvodlflcatlon tVretard biological 
activity and to flocculate suspended sotids. The membrane electrode method 
Is becoming increasingly more popular because of Its speed, ease of opera* 
tlon, and adaptability to process control instrumentation. The membrane 
electrodes must be properly maintained and calibrated on a daily basis to 
ensure that their measurements are accurate and gsable for process control. 
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The stgnilicancq of the DO test in process control is in its measurement of 
the dissolvecf oxygen available foryand essential to aerobic decomposition 
of the organic matter; otherwise, Anaerobic decomposition may occur wtth 
the possible development of nuisance conditions. The DO test is also used 
in the determination of BOD as discussed previously. Fish and most aquatic 
life require dissolved oxygen to sustain their existence and the DO test is sn 
important measurement in plant effluents and receivirtg water quality. 

Precautionary Procedures ^ ' ^ 

When performing Jhe DO test, the following procedures should be allowed 
in conjunction with the procedures outlined in Standard Methods. 

1) Use extreme caution in handling the chemical reagents to avoid 
injury or damaged clothing. > i J 

2) Tlie use of special DO sampling equipment is preferable for col- 
lecting samples. The sample^ should be taken with the sample 
container completely immersed" and without aeration of the sample 
or entrapment of any air bubbles. 

3) ' Perform DO test immediately following collection of sample. 

4) The following substances will interfere In' the azide modification 
of the iodometric DO analysis: iron salts, organic matter, excessive 
suspended matter, sulfide^ sulfur dioxide, residual chlorine, 
chromium, and cyanide. 



Hydrogen ipn Concentration ftjH) 



An lmpoft«nl 
mrcroorgaril^m. 



The Intensity ol acidity or .alkalinity of a solution is numerically expressed by 
Vs pH. ApH value of 7.0 is neutral, while values 7 to 14 are alkaline and values 
0 to 7 are acid. pH can be measured colorimetrlcai'vor electrometrically.The 
electrometric method (pH meter) is preferred in all .'pplicdtlons because it is 
not as subject to interference by color, turbidity, colloidal matter, various 
oxidants and reductants as is the less expensive colorimetric method. 

The pH measurements are valuable in process control because pH Js orfe of 
^ the environmental factors that affect the activity and health of microorganis/ns. 
Sudden changes or abnormal pH values may be indicative ol adverse Industrial 
dlschatrge of a strongly acid or alkaline waste. ^Uch discharges are detrimental 
to biological processes as well as to the collection system and treatinent 
equipment, and should be either stopped or neutralized prior to discharge. 
Generally, the pH of the secondary effluent wilf be close to 7. A pH drop may 
be noticeable In a biological process achieving nitrification because alkalinity^ 
Is (destroyed and carlDOn dioxide is produced during the nitrification process. 
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Precautionary Procedures 

When performing the pH test, the following procedures should be followed 
in conjunction with the procedures outlined in Standard Methods. 
^ 1) Grab samples should be used for the pH measurement. The pH, 
test should be performed on the samples immediately lollowing 
collection before the temperature or dissolved gas content can 
change significantly. Do no heat or stir the pH sample as a change 
in temperature or dissolved gas content will affect the pH value. 
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2) Do not contaminate the buffer by pouring the used. buffer ^pluticn 
back into the buffer conlainer. 

Calibrate the pH meter daily with a buffer solutioi^of approximately 
^ the same ^temperature ^nd pH as the s,ample to be tested. Adjust 
* the pH'meter'stemperatUi "compensator for each pH rt^easiirement. 

4) Avoid foultng the electrodes with oil or grease. 

5) Erratic resufts or drifting should prompt an investigation of the 
eJectrodes. 



Temperature 
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In process control accurate temperature measurements are helpful in evalu^ 
ating process performance because temperature is one of the most important 
factors affecting microbial growth.^Generally stated, the rate of microbial' 
growth doubles for every C increase in temperature within the specific 
temperature range of^the^niicrbbe. Temperature measurements can behelptul 
in detecting ihfiltration/in^low problems and illegal ipdustriah discharge^. 
Thermometers are calibrated for either total immersion or p'artial immersiorK 
A Ihermometerxalibrated for lot^il immersion n\ust be completely Immersed 
in the wastewater sample to give a fcorrect readirig, while a partial-immersion 
thermometer must be imrrtersed in .the sample 'to the 6epth af. the etched 
circle around the stem for a correct reading. 

If a Fahrenheit thermometer ;s used its readings may be converted toCenti^ 
grade by the following formula: ' ^ 



C = - rF<32") 



Miature 

ImnwliaidiVt 



Precautionary Procedures 

When obtaining the temperature of a sample, the following procedures 
should be followed in conjunction with the procedures outlined in Standard 
Methods. 

1) To attain truly representative temperature measurement, It Is 
necessary either to tai<e the temperature reading at the point of 
sampling or immediately following sample collection. A large 
sample volume should be used to avoid a temperature change 
during the measurement. 

2) The accuracy of the thermometer used should be occasionally 
verified against a precision tthermometer certified by the National 
Bureau of Standards (N BS), 

3) The thermometer should be left in the sample while it is read. 
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A physic aTmeasurem en t of the in^plant flows Is essential for true process 
control. Without these flow measurements, it is impossible to compute 
hydraulic and organic loadings* detention periods, rdcy<<l& flows, anbclarifier 
underflows. Without the above parameters to regulate the treatment processt^s, 
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the operator Is left with only a "seat o' the pants" approach to process control. 
Without a measurement of In-plant flows, it Is impossible tq competently 
evalMate the operation of the individual treatment units. The measurement of 
the plant flows also provides a basis for computing costs for billing, esti- 
mating chemical needs, prec^icting the future need for plant expansion or 
modification, and evaluating the effect of the plant effluent on the' receiving 
stream. Reference to Figure lV-2 will indicate locations of typical in-plant 
flows that should be measured for process control- 
In many of the smaller plants, only the plant Influent flow and possibly the 
plant dfffiient flow are metered. In these cases, the operator will have to 
measure the In-plant flows by other means. For Instance, a pumped flow may 
be estimated by multiplying the pump capacity (gpm) times the minutes of 
pumping time per day. 

gpd = (gpm)(min/day) ^ ' 

Often, pump capacity may be estimated by measuring the volume of liquid 
pumped from or to a structure in a'limed period. No unmetered flows into or 
out of the structure must be permitted durlng4he test period. Metered flows 
Into Or out of a structure during the test must be taken Into account when 
computing the volume of liquid pumped. 

gpm ^ (Area, sqJt,) (Depth, ft.) (7.48 gal/cu.ft.).^ metered flow, gpm 
minutes 

The metering instrumentation must be properly maintained and calibrated on 
a regular and routine basis to insure that their measurements are accurate 
and usable in process control and performance evaluation. 




Flow 

mMiurimtnti 

Importint 



How to 

mMiurtflow 

wlUwutillow 



IV'16 



o 4 



TRICKLING FILTER PROCESS 
SECTION IVaASORATORY CONTROL 



REFERENCES 

APHA, AWWA, WPCF, Siandafd Methods for Examtnatton of Water and Wastewater, 
14th Edition, 1976. 

California Water Pollution Control Assocl^ition. Laboratory Procedures for Operators 
of Water PoUution Control Plants, 1970. 

Kerri, Kenneth^ D., el aL, A Field Study Training Program, Operation of Wastewater 
Treatment Plants, (Chapters 6 and 14), Sacramento State College pepartment of 
Civil Engineering, 

New York State Department of Health. Laboratory Procedures for Wastewater Treat- 
ment PMntOperatqrSf Health Education Service, Albany, N.Y. 

New York State Department of Health, Manual of Instruction for Sewage Treatment 
Plant Operators, Health Education Service, Albany, N.Y. 

The TexasWater Utilities Association, Manual of Wastewater Operations, Texas State 
Department of Health, 1971, Austin, Tuxas. 

UiS- Environmental Protection Agency, Estimating Laboratory Needs for Municipal 
Wastewater Treatment Facilities, Office of Water Program Operations, Publica- 
tion No. 4301 9-74-002, Washington, D.C. 

U.S. Envirofimer tal Protection Agency, Technology Transfer, Handbook for Analytical 
Quality Control in Water and Wastewattfr I aboratorles. Analytical Quality Control 
Latioratory, National Environmental Research Center, Cincinnati, Ohio, June. 1972. 

Water Pollution Control rederationi Simplified Laborato^^' Procedures for Wastewater 
Examination, Publication No. 18, 1971. 



IV^17 



298 



APPENDIX A 
OPERATIONAL RECORDS 
TABLE OF CONTENTS 



Topic 

1.01 INTRODUCTION 

1.02 OPERATIONAL PERFORMANCE RECORDS ^ 

Daily Records 
Monthly Records 

1.03 COMPUTER AIDED DATA MANAGEMENT 

1.04 INTERPRETATION OF RECORDS 
Trend Plots 



APPENDIX A 
OPERATIONAL RECORDS 
LIST OF FIGURES 

FigureNo. Description \ , Page 

A-1 B,0,a Worksheet A-4 

aao. Worksheet ' X-S 

A-3 Suspended Solids Worksheet A-6 

A-4 30 Mlnuie Settling Test A-7 

A-5 Monthly Process Control and Performance Logs A-8 

A 6 Trend PIdts A-13 



f 



Table No. 



APPENDIX A 
OPERATIONAL RECORDS 
LIST OF TABLES 

Description 



A'1 Weekly Computer Report of Process Parameters 
A-2 Summary of Laboratory Test Applications for Process Control 
and Performance Evaluation 



Page 

A-10 
A-12 



301 



V 



APPENDIX A - OPERATIONAL RECORDS 



1,01 f rNTRODpCTJON 



r«cotdsdr« thfl 
process control.* 



\ 
\ 



The quan lity of records to be kept Vill depend upon the size and type of the 
wastewater trealmehl facility. A small plant may not require the number of 
varietytof records required for a large plant. The specific records re'qulred will 
be determined by the sizoand number of ur»it processes within the trealment 
facility. Generally, these records are categorized as follows: 

1) Operational Performance and Process Control 

2) Inventory 

3) Maintenance 

4) O & M Cost? 

5) Personnel 



For the purpose of this manual, only the Operational Performance and Process 
Control records w\\ be discussed. Several relerencesare listed at the ertd of 
thif appendix which will provide detailed information concerning other 
records outlined above. Operational Performance and Process Control records 
at most wastewater treatment facilities are kept dally and on a monthly 
basis. Averages for the month of operation are normally recorded on the 
monthly log. 



1.02 OPERATIONAL PERrORMAMCE RECORDS 
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Complete and accurate records of all phases of plant operation and mainten^ 
ance are essential for Ihe evatudtion and control of a biological wastewaler 
treatment facility. Such record^ ^re valuable for justifying expenditures, and 
for making recommendations concerning operational changes^ nr)Odifications, 
and expansions. These recprd^ are Siso, used jto verify compliance with 
effluent quality requirements. Records should be systematically logged i>y 
unit process and filed, in a calendar sequence. Generally, tne minimum 
amount of record Keeping required Included the following: 

1) Daily Log 

2) Daily Laboratory Work Sheets 

3) Influent and/or effluent flow rates 

4) Organic and hydraulic loading rates of each unit process 

5) Amount and dosage of chemicals used 

6) Power consumption , " ^ 

7) Unusual happenings such as bypasses, floods, storms, complaints, 
other significant events thgt could be possibly needed in the future 
for legal and administrative purposes. 



Pal l y Records 

A daily log or diary should be maintained to record events and operations ; 
during each shift of plant operation. In larger treatment plants, it may be / ' 
beneficial to maintain such a log for eacK unit process. The tog may be a ' 
standard (BVi x 11) spiral notebook or a standard daily diary made for that, 
purpose. 
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The inforpnation entered in the plant log should be perUfjont only to plant 
functions. Log entries must Include lt^e time, the day of the week, the date, 
the year, and the weather conditions. The names of the operators working at 
t the plant, and their arrival and departure times should alsO be Included. Log 
entries should be.made during the day of varjous>aiGUuUia£^d problems as 
they develop. Do not wait until the end of the day to write up the log, as some 
items may be overlooked. If the operator will take a few minutes to make log 
entries lr\ the morning and afternoon, he will develop a good log. Logs are 
beneficial to the operator and to people who replace the operator during 
Vacations, illnesses, or leaves of absence. A well-kept log may prove very 
helpful to the operating agency as legal evidence in certain cases. An example 
of one day/s log entries in a small trickling fHter plant isouttined below: 



Tuesday, Januarys, 1976 



Weather: Clear, Temp. 73' F,Wind'NW 



J Doakes, Operator; A. Smith,' Assistant Operator. 
G. Doe, Maintenance Helper. 

8:20AM Made plant checkout, changed flow charts. No. 2 super 
natant tube plugged on No. Z digester, cleared tube, « 

■ 

9:00AM Started drawing sludge from' bottom of No. 2 digester to 
No. 1 sand bed. 



1 



9:15 AM Smith and Doe completed daily lubrication and maintei 
ance, put No- 2 filter reciruclation pump on, took No. 1 
pump off. 

10:00AM Received three tons o£. chlorine, containers Nos. 1533, 
1296, 495; returned two empty cojilainers Nos. 1891 and 
1344. Replaced bad flex connector on No. 2 chlorine 
manifold header valve, and connected container No, 495 
on standby, 

10:30 AM Collected and analyzed daily lab samples. 

1:15 PM Pumped scum pit, 628 gallons to No. 1 digester. 

1;30PM Restored sludge pump No, 2 by removing plastic bottle 
cap from discharge ball check; pump back in operation. 

2:45 PM Smit^ and Doe hosed down filter distributor arms and 
cleaned orifices. Doe smashed finger when closing one of 
the end gates on filter arm. Sent Ooe to Dr. Jones, filled 
put accident report, and notified Mr.Sharp of accident, 

3:10 PM Stopped drawing s^ydge to No. 1 bed. Drew 18,000 gallons 
of sludge; sample In refrigerator to be analyzed Wednesday, 

3:20 PM Electrician from Delta Voltage Company in with repaired 
motor for No. 2 effluent pump, invoice Na A-1824, motor 
installed and pump OK. 
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4:10 PM Doe back from doctor, stated he will lose fingernail, and 
required three stitches and tetanus shot. Must go back 
next Thursday. ' 

4:30 PM Plant checkout for tonight, put No. 2 chlorine container 
on line, in case No. 1 should run empty during the night. 

In addition to maintaining a daily log of plant operations daily laboratory data 
should be kept and transferred to the monthly log form* The daily records 
should be systematic so that later references can be made. Example daily 
laboratory worksheets are presented on the following pages. 

Monthly Records , 



Monthly records should-report the totals and the averages of the values 
recorded daily. I t is a lsQ^.beneflclal to show the maximum and minimum 
daily results, such as max*)mum and minimum daily flows. 

f^aiiy recorded data are usually transferred onto the monthly data sheets. The 
monthly data sheet is designed to meet the reporting needs of a particular 
plant. It should have ail Important data recorded that may^be used later for 
the preparation of monthly or annual reports. 



The monthly data sheet may be a singles^ x 11 siteet for a small treatment 
plant, or it may be a number of sheets pertinent to various treatment units 
within the treatment plant. » ^ ^ 

Normally, every plant operator makes up a monlhly data sheet for hfs plant to 
.record daily ^iformation. These sheets are numbered down the left-hand side 
from 1 to 31 to cover the days in the month. Then from left to right across the 
sheet are columns to record daily information. These columns should contain 
the day oj the w^ek, weather conditions, plant flows, wastewater temperatures, 
plH, settleable solids, BOD, quantity of sludged pumped, DO, and other per- 
tinent inforrnation applicable to various unit processes. A space for remakes 
is helpful to record and explain unusual events. Typical column headings for 
-an activated sludge plant and trickling filter plant are presented in Figure 
A-S. Figure A-S Is designed so that it may be composited to fit the needs of a 
particular plant Therefore, the operatf^r may develop a monthly log by Using 
FigureA-Sasan example. 

Sometimes the operator may use two or three different sheets to collect 
pertinent data. Since each plant is different, the operator prepares h(s plant 
data sheet to record the data he needs to maintain proper plant oper'ation. In^ 
addition, he can develop the form to fulfill the requirements of his agency as" 
well as the appropriate regulatory agencies. Generally, these sheets can be 
classified as an operational performance lo^ and process control log as 
illustrated in Figure A-S. O 

In addition to routine dally operation, maintenance, and wastewater char- 
acteristics, the monthly data sheet should contain any unusual happenings 
that may affect interpretation of results and preparation of a monthly report 
such as unusual weather, flpods, bypasses, breakdowns^ or changes In 
operations or maintenance procedures. 
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B, O, D, WORKSHEET 



Date of Sample: 



Incubation 

Date In: Date Out: 
• 


Primary 


Blank 
Sample 


Primary 
Effluent 


Final *\ 
Effluent 


1 . Bottle No» 






















2. ml of satiiple used 






















3. Initial D.O. 
















IS 






4. D, O. after 5 days ' 






















5. D. depletion (diff, ) 






















6. Factor (factor x diff, ) 






















7. B, O, D, mg/1 






















8. Avg* B»0. D* mg/1 








4 



Dilution Water initial O, 

After 5 days incubation 
Dilution Water D. O, depletion 



CALCULATIONS: 

^(Initial D. O. , mg/l-D, O, Jt?ter incubation, mg/l) (Bottle capacity, ml) 

(ml of sai^ple used) 



B. O. D, , mg/l 
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3, ml FAS for blank 






















4* ml FAS for sample 






















5, Difference FAS 






















6, FAS nprmality 






















7. C.O,D. mg/l 






















8. Avg. C.O,D. mg/l 











CALCULATIONS: 



(ml FAS blank - ml-^FAS sample) ^ FAS normality x 8, 000 = COD mg/l 
ml sample use 
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FIGURE A-3 



SUSPENDED SOLIDS WORKSHEET 



Sample by: 

Date: 

Time: 



Type of Sample: 
Location: 



Analysis by: 
Date: 



Time: 



Method used - CrucLble/Fllter 
(Circle One) 



B 
C 
D 
E 

A 

B 

C 
D 
E 



Run Number 

Wt. of crucible/filter, 
and dry solids, gm 

Wt* of crucible/filter* gm 

Wt* of dry solids^ gm 

ML of sample 

Suspended solids^ ^^g/l 




Wt. offcrucible/ filter, 
and dry solids, gm . 

Wt* of crucible/ filter, 
and ashj gm 

Wt» of vol* solids, gm 

ML of sample 

VoU suspended solids^ mg/1 



Calculations > 

>^ A - B = C 

^^^^ I C X 1, 000,-000 ) 
D 



A-6 

307 



1.03 COMPUTER AIDED DATA MANAOEMENT i 



An ImpofUnt 
n«wtool» 



Low co«tditi 
procestlng. 



Aflood 



Nott Ihefomiat 



Tht comPuttr 

pMlormtnce* 

Atporltto 
r«{|Ulatory 



£tslLvuswitooL 



InttrPrcUtton^ 
purpostof 



Uftt your 

rtcordt 

frequtntly* 



The computer is an economical aid for data collection and analysis. The 
computer can be used to tabulate an^ analyze all of the data needed to 
perform routine and non*rdutine process control operations. Th(i computer 
can also be used to inventory equipment, to log maintenance requirements* 
and to provide completed report forms for re&ulatory agencies.- 

Typical operations costs tor process contcol data management would be less 
than $250 per month. These cost$ include terminal rental and computer 
time. A no;ninal initial cost would be involved to generate the programs used 
^ for a particular treatment plant. 

A recent article^ described 'tlie operation of a computer program used to 
tabulate and analyze the operating da^a needed to monitor the operation of 
an activated sludge plant. Ta^leAO (from the article) presents the minimum 
data required to properly operate and monitor an activated siudge treatment 
plant. Note that the data are tabulated on a daily basis, although process 
control is based upon averaged data. 

The data format used in Table A*1 makes the data easiiy usabie. it is strongly 
recommended that the data &l)Own on Table A-1 b^ tabulated in thi^ format, 
because of the general usefulness of th^se data in treatment plant operations. , 
These fifteen data entries can be used as a starting point for tlie proper 
/ operation and monitoring of any piant. 

Additional use of the computer include the generation of monthly perform- 
ance reports to regulatory agencies, and cataloging maintenance operations 
and equipment inventory. The computer can be used to prompt or remind 
operations personnel that scheduled maintenance operations are due. The 
computer can continue to catalog outstanding maintenance operations until ' 
theoperator responds with a signal that the duty isconipleted. ^ 

The computer is an easily used tool that can be programmed to perform* 
routine data tabulation and analysis. With minimal effort, operations personnel 
can readily learn to use and depend On the computer, freeing thejr time^to 
{Perform other necessary functions. 

^Trussel, R., ^t aL, ''Computer Assisted Operation of an Activ^t^ed Sludge 
Plant'\ October, 1974. ^ 

1-04 INTERPRETATION OF RECORDS 

Records are not useful unless they are evaluated and used as indicators of 
piant operation and maintenance. Records are also useful as sources for 
reports to management or the public. 

The recorded data can enable the operator to determine operation and main* 
tenance needs of hts plant. The Information shown by the records should 
aiso indicate to him and to his supervisor the treatment efficiency of edch 
unit in'the plant. Records kept on the quality of the effluent and the receiving 
waters should be analyzed for the discharge's effect on the receiving waters. 
The Importance of looking at and analyzing records frequer^tly cannot be 
overemphasized. 
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TABLE A-1 



J"/ 

WEEKLY REPORT OF PROCESS PARAAIETERS 
WEEKENDING 10/2/74 

******************* ***i4i ************************ *************** 
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* 9/29* 
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2429. 4 


♦ 9/30* 


2.80 
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357. 
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8337. 
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U2. 
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2615. 4 


«10/ U 


2.t6 
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374. 


4 ^ 


9242. 
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108. 
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2669. 4 
29>)4. 4 


410/ 2* 


2.74 


4 


376* , 


4 " 
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127. 


4 




4 AVG 4 


2.78 
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394. 
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173. 
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444444444444444444444444444 44 4444 44444444444444444 4444444444444444444444 



444 444444 44 4444444444 4444 444444444444444444444444 4444 4444444444444444444 
4 0 4 ^ C8MTR8U ' 4 

« A 444444444444444444444444444444444444444444444444444444444ti^44444444 

4 T 4 r/H ^ SRT 4 S8LI0S 4 SETT'LIT 4 SVl * 

4 C 4 4 OAVS . 4, LfiS « t 4 Mt/GH 4 

44444444 444 4444444444444VC4444 444444444 44444444 444444 44444 444444444444444 

4 9/264 0^40 4 20.2 4 19996. 4 51 .0 4 225. 4 

*4 9/2>r4 0.50 4 8&i9 4 19433. 4 36^0 4 168. 4 

4 9/284 0.97 4 37.3 4 10088. 4 32.0 4 |92. 4 

4 9/294 9.94 4 24.2 4 1C970. 4 30.0 4 169. 4 

4 9/304 0.41 4 78.2 4 20184. 4 59.0 4 173. 4 

410/ 14 ' O.^I 4 51.4 4 17^47. 4 82.0 4 270. 4 

410/ 24 0,78 4 ^ 36.9 4 10t66. 4 37.0 4 198. 4 

444 444444444444444444 444444444444444444444444444444444444444444444444444 
4 AVG 4 0,65 4 47.9 4 tS655. ^4 46.7 4 199. 4 
4n|i««]K««4t]K««]K««]K]K4444444 44444444444444444444444444 44444444 444444444444 444 



^««««««««««444444444 44444444444 44444444/^44444 444 4444444 4444444444444 444 

4 0 4 ---V PCRrORHANQE 4 

« A «4[«««««««4t444544444444444t44444444444444444444444444444444444444444 

4 T 4 TURBlOiry^ SS 4 SS 4 ceo * 080 4 

4 E 4 4 MG/L 4 X REMeVeO 4 MG/L 4 * RCHeVeO 4 

«4t««]|[«««4«« 44444444444444 444444 44 4444444444^4444444444444444444444444444 
' 4 9/264 2.7 4 14.0 ^4 91.1 4 47. 4 86*5 * 

/ 4 9/274 3.3 4 It.O 4 92.6 4 54. 4 87.6 4 

4 9/284 5.4 4 12.0 4 57.4 4 54. 4 87.6 4 

. 4 9/29t 5.6 4 23.0 4 77.5 4 54. 4 $7.6 4 

4 9/30t 5*6 4 16.0 4 85.7 4 78. 4 78.2 4 

410/ U 5.* 4 19.0 4 82.4 4 48i * 87.2 4 

410/ 24 6.1 4 18.0 4 85.8 4 58. 4 84.6 4 

4r«««««i«4c44444444 4444444444444444444444444444444 4444(444444444444444444 44 

« AVG 4 4.9 4 16^ 1 4 87.5 4 56. 4 85.6 4 

4444444444444*4444444444444444444444444 4444444444444444444444*444*4*4444 
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Loolcfor trtndt* 



tiookfortuddtn 
virlttlont* 



Laboratory analyses performed on various samples provide essential tools to 
atd In th^ control and evaluation of a biological treatment process. Table A*2 
presents a list of the analyses and their use In performance €^valbation and 
process control, \ 

Records should not only be analyzed as a single piece of data, but any varl* 
ation should be looked upon for its relation to another source of data, For 
example, a sudden rise in temperature of the influent might be accompanied 
by greatly increased flov^s. This could indicate a large industrial discharge. 
This discharge could also influence the BOD and suspended solids concen* 
tratlons In the plant influent^ Or one might observe a sudden increase inS^day 
BOD concentrations in the plant effluent. This may indicate a seasonal 
increase due to beginning of cannery operations^ or it may Indicate a brealt* 
down of Industrial treatment facilities discharging untraai^d wastes Into the 
wastewater collection system. 

Before any meaningful Interpretation can be made of sudden variations In 
data, an expected range of values has to be determined for the particular 
treatment unit under consideration. This range must be based upon expected 
or past performance, For example, If average daily flows during weekdays 
were around two million gallons per day and suddenly a flow of 0.5 million 
gallons per day was recordedj this may indicate malfunctioning of metering 
equipment or a break In sewer lines or a bypass ahead ot the plant. Conversely, 
unusually high flows may Indicate storm water Infiltration, surface water 
runoff flowing into the system through manholes, or an unusual dump of 
wastewater. 



An excellent way to facilitate review of dally records and detect sudden 
changes or trends are prepared charts showing values plotted against days 
or time. Unless results are plotted, slight changes and trends can go unde* 
tected. The deviation from the expected values may have been caused by 
unusual circumstances or an error in observation or analysis. 

Trend Plots 



PloUtng your 
dtt« incrtim 
In vilut« 



Plotting data on graphs is very helpful to Illustrate trends In the operation of 
a wastewater treatment facility. Regular plotting of data may reveal unexpected 
trends which could provide insight to prevent an operational upset of a unit 
process, in addition, this approach could be utilized to Justify budget require* 
ments, and to show the need for plant modifications or expansion. To look 
for or show a trend, plot the value or values against time as illustrated in 
Figure A*6, The important concepts relevant to plotting trend charts are 
discussed below; 

1, Plotting dally data will not provide good process control interpret* 
tlons, A 5*day moving average method Is suggested for normal opera* 
tions. In cases where data Is not taken daily, the collected data can 
still be used to generate moving averages. Each day a new set of data 
is Included and one data set is deleted from the group of five to be 
averaged. 
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TABLE A-2 



SUMMARY OF LABORATORY 
CONTROL TEST APPLICATIONS FOR 
PROCESS CONTROL AND PERFORMANCE EVALUATION 



4 KEClKCUtJkllOh ltA*f PSCtfU.lMtMtf 



TOTAL 
PPWAKT EtTLlE-^I 
MtlEb UOlCft 

mT» ErrtvEM 

AECQhQ. KV ElfLL'CSt 



* OllCAHIC LDAp APPUEQ 

* 0»AN[C LOAD PEUOVE; 

4 EVALUATE purees} fEtlOPMAhCE 

* «0L1M U>Atvft*<;Oh ■ECOlll>A)tV CLAIttriCP 

* MAS$ |tALAN<.E DEtEPMXNAtlOHS 



» HLVM L£VEL2( IN AE^AtDS »AfCN 
^ UC^t OEtE»H^At)0\» 



f LtfDCE REMOVAL flAlCS TJtOM C LAllintt 



I^MKART tTfLtTVl 
f fCCtcI^AjtV EflLl E\T 

AUMOKjA 
PUVa^Y EflLl'EVI 
»iC<OHl^APV Eirt-LLVt 

«T PtlfE 
fnxtAPH L1IL> 

fCCOS&A» Ith I IT<V\1 

TfltPAH 
PllJUAKV El lUEVt 
5fCO>fDAPV EDLL l^vl 

If COM t A AV Er f Li I E VT 



* NtVPITKATDh 

* HUIBIEHI BAtANCV 



« aiXKL qU^LJTf A\«3E11L(l*<>CilAllAC1EJlSt: 
> ILVKE KMOSAL PfLATlVf DEHiT KtFIC A T »h 



* TOXIC SHOCK LOAD 

* oxKtv tPAKirEH tmcicuct * 



«^ AEIiATr>^ PC^lriPEMTHT$ 



f PECUCT^LAt&tj^Alf RKiVIPEUEhlf 



Tf Mi^EMtt'PE 

t-K.VikM Eh rL"»sr 

MlXEt UQL 



PVM^R* E> f L-* »"ST 
^ti OSOAItl II h Li Fvr 



* SlrKVfttLAhTCEQr ILLCCAL UtDl^flPUL 

WAflf PSCHaR<jCS Al>VEP<f TO 
^DLO^KALlTiTlM 

* DEirCTlOiHOr IHrtLtM1DH'<t]4f iDW 

* RErLTCTSOOKmiDhroi vdIjOCKal activity 



* Er iCtiCN^TQr CLAP 



4 iLVfrCE JtKMOVAL PATU I TOm C LA^If 



viKy&^fonc i.:<AMKAii(.s 



> AM&T IN Mf Pt Ol;TlPMlHAT»**a 
' Ar i>Tlvr f liCDOMrfAFfCE or MKTOOPCAVlWutJ 
^ Ol tUtATDNALF^I^LIMJ KELATt^t tO 
Ijr.kH^NltOi ^ OKf^Aigl^Hf 
r V4L I Atr S/,t.DOE QVAI *V 



: 1.Sr TO I>eTEKMtNE ItAirtOW PATCj 
: rVALVAlE HVD«AULI» 



^ AtFLlCABU TO BOTH AlOL&l^^e A L ("^^JEUU 



A-12 



For example, 5*day moving averages for a 2-day period (January 5 and 6, 1976) 
are calculated as follows: 



Date 



Initial Data 
Group 
BOD mg/l 



Sequential 
Data 
Group 
BOD mg/l 



1-1-76 
1-2-76 
V3-76 
14-76 
V5-76 



120 
118 
124 
122 
^ 121 



Deleted 



Its 
124 
122 
121 



Total 



605 5 = 121 
avg, for 1-5-76 



1-6-76 



123 ad ded 

608 ^ 5 = 122 
avg, for 1-6-76 



Total 



Plot process 
control d«Ui: 
RM 
MCRT 
MLVSS 
£fn\j«ni SS 
EmumtBOD 
Etc. 



Leartt to Plot 



2) All data used for process control should be plotted on a daily, weekly, 
and monthly basis. Daily plots showing large variations indicate that 
either shock loadings or errors In operation and/or calculation have 
occurred- Weekly and monthly plots will thow long-term changes and 
indicate whether the control exerted by the process control techniques 
is suited Cooperating conditions- 

3) The operator must familiarize himself with the techniques of graph- 
ically displaying data, in drderlo get the maximum amount of informa- 
tion out of the data- Trend observation is probably the singlemost 
important tool that the operator has to prevent catastrophic upset of 
the biological processes- 
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APPENDIX B- PLANT VISTS 

The wastewater treatment plants fnciudedjn this appendix were visited to establish 
the 3tate<of*the^art for process control of aerobic biological wastewater treatment 
facilities throughout the United States, 

A statistical breakdown of the types and methods 6f operation for each plant visit 
is include^!, 
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CITY OnMlAsrfLlO, TEXAS 
Qtnf r>l Df icrlptlon 



The River Poad Wastewater Treatment Plant consists of screening, primary sedlmen* 
tatlon^ primary effluent holding pond (balancing), secondary treatment by the activated 
sludge process, and p03t chlorlnatlon. The activated sludge process has the flexibility 
of operating In the following modes: (1) conventional, (2) step^feed or varlatipns 
therein; /eaction, contact stabilization and Kraus, Currently, the reaction mode is 
used thnb'ughout th^year, 

P#rfonn<nct<ndProc#« Control 

They have the flexibility of wasting activated sludge by wasting from the return aludgd 
flow and/or wasting mixed liquor from Vhs channel conveying the aeration effluent 
to the secondary ctarlflers. They utilize both wasting modes simultaneously. The 
waste RaS Is returned to the plant Influent for sedimentation with the primary sludge. 
The mixture of primary aludge and waateRAS Is pumped to a gravity thickener, The^.^ 
RAS wasting rate remains dt a fairly constant rate (the rate Is based updn achieving the 
desired effect In, the primary studge thickener) while mixed liquor waat^hg rate la 
varied aa needs mctate. The digester aludge Is pumped torclay^ bottom drying beds 
with the decant liquor returned tothet)lant Influent, 

In ordftto balance th6 wastewater flows to the secondary treatment process, the plant 
personnel constructed an earthen primary effluent holding pond* It should be noted 
that ^)s wastewater treatment facility is situated In the country with no nearby 
Tielghbors to complain about the odors or appearance. This type of flow balancing haa 
been effective and quite satisfactory. 

The plant utilized the conventional mode of t|ie activated sludge process prior to the 
City obtaining a new source of water suppl/irom a lake. Tt>6^lal^e water possesses a 
higli sulfate and chloride content with wide swings 4n the water tamperature through^ 
ouf the year. After the lake water was used as the City's water source, the plant 
began to experience severe bulking problems j(probabiy due to high sulfates and 
swings In wastewater {55*80'' F] temperature). The sludge reaeratlon mode of operation 
was trisd vtth thres hours in ths rsaeratlon zona and thrss hours In ths aeration 
zona, Thsy concluded that the reaeratlon mode was sffsctivs in minimizing thslrbulk^ 
Ing problems, thsy now uss thsrsaeratlon mode throughout the year. 

The WASfatMare bassd upon ths maintsnancs of a constant MLSS concsntration, 
Rssponss of ths procsss and past sxperisnce ars basically ths^guldes ussd to In- 
crsasing or dec>easing ths MLSS IsvsL This procsdurs sssms to work quits satie* 
^ factorily In conjunction with ths balancing of ths primary effluent flows, \ 

Jhs RaS rats was adjusted upon the basis of a daily sludge blanket depth measurs^ 
^snt. An slsctronic sludgy blanket detector Is utlllzsd to msasurs ths sludge depth 
Intheclarlfler, 

DO'S of 2^3 mg/) ars malntatnsd at ths outlst of aeration basins. DO's greater than 
^ mg/l are avoided because filamentous organism tend to predominate in the activated 
sludge. 
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CITY OF AUSTIN, TEXAS 



Gtn#ralD#8crlptlon 

the Govalle Wastewater Treatment Plant there are four activated sludge plants fed 
from a common Influent diversion structura The accumulated data only pertain to "D" 
plant/the newest and most modem. The splitting of the influent flows to A, B, C, and D 
plants is accomplished by motorized sluice gate valves at the influent diversion stftjc- 
ture. The^contact st^llizatlon mode of the activated sludge process preceded by 
screening and grit removal is utilized at ''D" plant. There are three feed po^ints -Into 
the aeration basin which function as a means to control the detention time in contact 
zone. They attempt to maintain a detention time of 20-30 minutes in the contact ^one. 
The operator claims thata sludge with optimum settling characteristics is attained by 
a contact detention time of approximately 30 minutes. 

Perionnance and process Control 

Excess activated sludge is wasted from the stabilization zone {sludge reaeration) of 
the aeration basin and discharged to an aerobic digester with a one^day detention time. 
The digester liquor is transferred to 191 acres of oxidation ponds. Except f^r the 
underflow from the chlorine contact tank, there are no recycled flows at ''D" p^ht. 
They vary the WAS rates to maintain a suspended solids concentration in the RAS of 
3i500-5,000 mg/l. They would also increase the WAS rate If they had an Increase In 
sludge blanket depth without an increase in SVI. The suspended solids concentration 
of the return sludge governs the suspended solids concentration in the stabilization 
zone. They^ use the following ratio to indicate If they need to Increase or decrease 
WAS rate:' 

BOD of return sludge, mg/l _ . q ^ 
Suspended Solids of return sludge, mg/l 

The above ratio would seem to indicate the degree of stabilization, which In turn Is 
related to the sludge age and F/M ratio. 

The RAS rates are adjusted to maintain the desired suspended solids concentration ^ 
(stabilization zone) while maintaining less than two feet of sludge blanket in ^he 
secondary clarlfiers. Small air lifts installed in theclarifiers at fixed two-foot intervals 
indicate sludge blanket depth. 

They maintain a DO of 1 to 2 mg/l at the outlet of the aeration basin. Aeration rates 
also are controlled to maintain a DO of 0.5 mg/l in the secondary clarifiers just prior to 
the effluent weir to avoid septicity in the return sludge. 

Wastewater temperature is as high as 84** F in the summer and as low as 69** F in the 
winter. InMhe winter, they increase the suspended solids level to compensate for. 
slower biological activity. Also, they decrease the air rates to avoid excessive DO*s 
and subsequent filamentous organism growth. 

Storm flows are diverted around the activated sludge processes through a bar screen 
to a storm overflow clarif ier, chlorinated and discharged to the outfall The underflow 
from the clarlfier is pumped to the Influent diversion structure. The storm overflow 
clarlfier also serves as the chlorine contact tank for "D" plant. 
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CITY OF CARSON CITY, NEVADA • WASTEWATER TREATMENT PLANT 



Gengral^DescflRtion ^ , 

TheCarson City Wastewater Treatment Plant isa Iwo sfage trickling filter plant with a 
design capacity of 3.75 mgd ADWF.The P^ant was originally. put in^p operation in 1961 
as a primary treatment facility with 1.5 mgd design flow capacity, expanded to the 
secondary treatment (as the same design flow) in 1968, and expanded to the current 
design flow capacity in 1974. The current ADWF at the plant is approximately-2.1 mgd. 

The principal unit processes of the plant are as follows^ comminution grit removal via 
a grit cyclone, primary sedimentation, flow measurement with Parshall flumes a pri.- 
mary stage trickling filter* intermediate clarification (with recirculation ol the inter- 
mediate clarlfier overflow to the primary trickling filter), a second stage trickling filter 
(with recirculation of unsettled effluent), final clarification, chlorination, and effluent 
disposal. Primary and secondary sludges are thickened, centrifuged, and incinerated 
at on-site facilities. Centrate is returned to Jhe thickener, and thickener overflow is 
returned to the primary sedimentation basins. Effluent disposal is either to the Carson , 
River or to reclamation at a nearby golf course. In either case, the effluent Is held in an 
effluent storage pond prior to disposal. Excess flow to the plant during storms is by- 
passed from a manhole prior to the plant headworks Snd from the wet well of the 
primary stage trickling fitter feed pumps to an oxidation pond. This stored overflow 
-ts-recycled back to the plant headworks during dry weather for retreatment. Additionally, 
some excess stormwater can be bypassed around the primary stage trickling filter to 
the secondary stage trickling filter. 

Perfor mance and P roc ess Controi 

The treatment plant operator has no control over the mode or r^te of recirculation 
around either trickling iifter stage. In bath cases, recircufated flov^ is returned to the 
wet wells of the filter feed pumps by gravity flow. The water level in these wet wells 
are m turn controlled by level^ctuated constant speed pumps. This method of re- 
circulation results in a relativefy constant hydraulic loading rate to each filter. However, 
the organic loading rate to each filter is highly dependent on the hydraulic influent 
How rate to the plant. 
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CITY OF DALLAS, TE)^AS - CENTRAL PLANT 
General Description 

The Dallas Central Wastewater Treatment Plant consists of two trickling fitter plants— 
the older Dallas Wastewater Treatment Plant with single stage standard rate TF., and 
the White Rock Wastewater Treatment Plant with roughing T.F. followed by high-rate 
T.F. At both plants, the trickling filters are preceded by screening, grft removal, and 
primary sedimentation. ^ 

Performance 

The sludge from the final clarifiers is returned to the Plant influent for sedimentation 
with the primary sludge. The control of siudge withdrawal rates from the final clarifier 
is determined by visual observation. The mixture of primary and trickling filters dge 
is pumped to anaerobic digesters for stabilizrtion. The digester liquor is transferred 
to another plant for disposal, thus there is no supernatant recycle flows at these plants. 

At both plants, final clarifier effluent is returned to the trickling filters to provide 
continuous dosing and reasonably constant hydraulic loading. The recirculation fates 
are based on maintenance of a specific total flow to the trickling filters. This procedure 
seems to be simple and effective. 

Process Control 

They performed an extensive lab monitoring program; however, the lab results are not 
primarily for trickling filter process control. Process control is based on maintaining 
a constant hydraulic loading via recirculation of the settled trickling filter effluent. 

Operational problems have been experienced with filter flies^h'ch have been effec- 
tively controlled by flooding each filter (except roughing T.R) once perweek during the 
fly season (March to November). It appears that the weekly flooding' ^especially for 
standard rate T.F.) is the explanation for the absence of ponding or odor problems 
with the filter operation. p . ■ ' * 

The Dallas Wastewater Treatment Plant ^standard rate T.F.) Is operating at design 
capacity, while the White Rock Wastewater Treatment Plant (high rate T.F. preceded 
by roughing TF.) is operating considerably beyond its design capacity.^ 
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CITY OF FORT LAUDERDALE, FLORIDA ^ PLANT A 



Qenerat Description 

The wastewater treatment plant *s a conventional activated sludge plant. The plant is 
also designed to operate in the step feed aeration mode Aeration is provided by 
multiple low speed surface aerators- The depth q\ aerator submergence is varied with 
a weir that increases or decreases the mixed iiquor depth Varying the niixed liquor 
depth provides control of the aeration rate. 

Waste solids are processed m a wet air oxidation system The centrate from the oxr 
dized sludge is returned to the headwords When the wet air oxidation system is 
operating, the primary effluent often has a hic .er BOD concentration than the raw 
sewage 

The plant treats wastewaters from iight mdustnai and domestic areas Average dry 
weather flow is 7 mgd ol which 60*/o is due io industry Peak flov/s occur in the 
summer during tourist seasor^. The plant effluent is discharged to an estuary 

Performance 

Effluent concentrations of BOD and SS are typically 25 and 15 mg/l, respectively The 
settled sewage has a BOD of 125 mg/i when the wet air oxidation system is in use. 

Process Control 

TheF/M IS held around ai5 to 0.2 ibs B0D5 removed/lb MLVSS/day Actual wasting js 
controlled to maintain constant MISS. The organic loading is nearly constant, and a 
constant MISS fixes the F/M DO is maintained around 2 mg/l by adjusting the moced 
liquordepth 

Settleabthty of the mixed liquor was improved by continual dosmg of the return actt 
vated Sludge with 4 mg/l of Cl2. Sattieabihty also improved by over aerating the 
biological solids in the aeration basin at night 
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CITY OF FREMONT, NEBRASKA 

■'gfal Descrip ti on 

Fremont's treatment facilities consist of two pr, nary clarification, followed by fixed- 
nozzle trtckhng filters or roughing filters, followed by intermediate clarification, acti- 
vated sludge, ftnal clartfication, chlortnatiod, and discharge. The Fremont, Nebraska 
Wastewater Treatment Plant went Into operation ih[March 1975, and, to date, the 
operators have had very few problems with their aeroBic treatment units. The plant 
design allows a great deal of flexibility in flow schemes. Eacti unit irom the primary 
clarifiers to the final clarifiers is duplicated; that is, there are two primary clarifiers, 
two trickling filters, two intermediate clarifiers, etc. The plant piping is such that 
effluent from each unit joins at a splitter box where it !^ combined^ then resplit to 
flow to each of the two following units. The splitter boxes are designed so that flow 
can be split evenly to each unit or any one unit can be taken off llne^ such as one 
aeration tank or final clarifier or intermediate clarifier, and all of the flow can be 
routed through the duplicate unit. There have been some mechanical equipment fail* 
ures whereby it was necessary to use this capability to reroute the flow around one of 
the^eration basins. 

Performance and Process Contro l 

Normally, 2.0 mg/l mmimum dissolved oxygen (D.O.) is controlled by adjusting the air 
flow rate to the dfffusers beneath the turbme generators. Control of airflow is accom- 
plished manually. 

To date, Fremont, Nebraska has not had foaming problems in the aeration basins 
other than the normal foaming encountered during start-up. They have had no toxic 
loads and no bulking sludge to date. They have had some problems with rising sludge. 
Their solution to that problem is to increase their return rate and to lower the mixed 
liquor Concentration by wasting sludge. Effectively^ this cuts the\sludge age down and 
tends to inhibit nitrification. 

The plant is controlled on the basis of suspended solids balance^ A mixed liquor 
suspended solids between 3,000 and 4,000 mg/l is the goal that they strive for. The 
sludge is wasted basea upon the sludge blanket depth In the clarifiers. Sludge is 
wasted to lower the depth of the sludge blanket. The sTudge blanket's depth is meas- 
ured regularly by means of a flashlight on a long pole. 

The return sludge system can be operated in an automatic or manual mode. In the 
automatic mode, the return sludge rate may be set proportionally to influent flow. 
They have had problems with flow proportional RAS in the low plant influent flow 
ranges. The flow rate (s set by throttling RAS with a motor^operated butterfly valve, 
This valve and a magnetic flow meter are in the g;avity line between the clarifier and 
the RAS sump. The RAS flows by gravity to a sump where it is picked up by a pump 
and returned to the aeration basin. The pumping rate is determined by sump level. J\:. 
present method of operating (s to set the return sludge rate manually at some fixed rate. 

Sludge is wasted with a system similar to the RAS svstem. A butterfly valve on a 
gravity Ime is manually set to waste at a fixed rate throiigh a mag meter to a WAS sump. 
WAS IS pumped from the sump to a gravity thickener where it is mixed with inter- 
mediate sludge and primary sludge. An alternative wasting point is the primary 
clarifier. The solids handhng facilities have the potential of affecting the activated 
studge process in that they may limit the rate of sludge wasting and thus affect the 
suspended solids level m theaeratton basins under certain conditions. 
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INDIANAPOLIS, INDIANA- WASTEWATER TREATMENT PLANT NO. 2 
SOUTHPORT ROAD AND WHITE RIVER 

^ 

G eneral Pescriptton 

The activated sludge system can be operated as conventionat. step aeration or bio- 
absorpt}on process. Various processes are run throughout the year^ and are depend- 
ent upon waste strength nd influent flow characteristics. 

Hydraulic monitoring, control, and distribution is the primary operating features. All 
force main type process flows are controlled by means of magnetic flow meters with 
remote readout and remotely^actuated valves> Likewise, gravity (open channel) flow is 
monitored and controlled by Parshall flumes with flow indicators and remotely-actuated 
slide gates. One exception to the above fs that gravity iJows to the various points in 
Uiaaeration basins are die^tributed by manually^opefated slide gates. 

Performance 

Process balancing is facilitated by the ability to transfer RAS or WAS^flows between 
unit processes within the plant. Another unique design feature is that primary sludge 
can be introduced into the secondary clarifiers. As a safety feature only. Influent 
wastewater flows can be bypassed to other in^plant processes. 

Process Co ntrol 

Fundamentally the plant is operated simpty by the sludge blanket in the secondary 
clarifier. The RAS vs. WAS proportion is determined by the current BOD loading on the 
aeration basms. The sludge draw-off is adjusted once to twice a day based on diurnal 
tlow, and/or upon the observation of shock loading. 
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CITY OF KENOSHA, WISCONSIN 



General Pescriptlon 

The water pollution control plant facilities at Kenosha, Wts^nsin consist essentially 
of a conventional activated sludge process, with solids treatrrUmt incorporating flot^t^ 
tion thickening,anaerobic digestion, and dewatering bypressure^f liters. 

i 

This plant is designed to handle an d^verage dry weather flow of 23 mgd. Currently, yie 
Industrial contribution is averaging 67 percent of the average dry weather flow. SinW^ 
the combined sewer system contributes high hydraulic loads on the facilities during 
rainfall, the utility also placed in operation the world's first biosorption treatment 
system. This i^a 20 mgd project to demonstrate the biological treatment of combined 
sewer Overflows during periods of rainfall. 

Perf ormance and Proc e s s Control 

The activated sludge system consists of four singte-pass t>astns, with returh activated 
sludge applied at the mftuent channel. Variations of RAS application other than at the 
influent channel are insignificant in importance. The alternate application points are 
at the beginning and end of the first aeration basin. Dissolved oxygen in the various 
t>asins are maintained at a level of 1 to 2 mg/l. Air feed rates are generally not 
varied, due to difficulty in manually adjusting these rates. 

The four final clarifiers are the peripheral feed, center suction kludge discharge variety. 
A common header with connections to each claritier is used for pumping. Each pump 
IS variable speed; however, only three pumps are provided for the four tanks, thus 
making controlled takeoff difficult. Although the pumps are variable speed, the RAS 
flow rates are not varied^ The rate of flow is controlled through the use of a magnetic 
flow meter in the line returning to the aeration basin. 

The amount of waste activated sludge (WAS) is controlled by the MI_SS concentration 
level in the aeration basin. WAS is taken from the RAS line and fed to an open aerated 
pit, where eventually the siudge will be fed to the flotation thickeners. Rate is varied 
to maintain an MLSS level between 2,500 to3,000 mg/l. 

The most sertous control problem is that associated with the hydraulic disthbutjon of 
flow to the four secondary clarifiers. The problem arises from the fact that the !ast 
expansion added a secondary clanfier which itself is approximately 50 percent larger 
than the initial three secondary clarifiers. The distribution channels were designed 
solely to feed the initial three clarifiers; therefore, fibw to the new and larger clarifier 
is much below design capacity. Consequently, during large increases in flow, the 
remaining three clarifiers tend to be hydraulically overloaded. 
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LAS VEGAS, NEVADA^ CLARK COUNTY SANITATION DISTRICT NO. 1 
TREATMENT PUNT 

General Description ^ 

In 1956 Clark County Sanitation District No. 1 put thoir 12 mgd trickling filter in service. 
In 1974 an addition to the original plant was put into operation, Increasing the capacity 
to a total of 32 mgd. At this time, solids Incineration was added. 

Performance and Process Control 

The treatnrent plant has had few operating problems* being a high-rate single-stage 
filter plant. The main problems have been mechanical maintenance problems rather 
than serious operational problems- There is enough capacity in process units to pro- 
vide standby/backup capability when necessary. Here again, operation of the plant is 
not significantly affected by the weather One problem experienced at this plant has 
been large amounts of freshwater snails accumulating in the chlorine contact tank. 
Anticipating a continuation of this problem, a traveling bridge collector was installed 
in the new chlorine contact tank* but the problem hasbeen diminishing steadily si nee 
the new portion of the plant has been put into operation. There have been operations 
problems with the incinerator which have no effect on the operation of the trickling 
filter plant. 
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LOWER POTOMAC POLLUTION CONTROL PLANT, LORTON, VA. 
Qen<ral Description ^ 



The wastewater treatment plant^is a conventional activated sludge plant utilizing the 
Contact stabilization mode of p]7e*atlon. Diffused aeration is provided by positive 
displacement blowers. Each aeration basin has three passes with the first pass used 
fgrreaeration. 

Waste solids are transferred to gravity thickeners followed by vacuum filters and 
Incineration. Thickener effluent, filtrate, and spent coohog water are returned to the 
plant headworks. \ 

The plant treats wastes'primarily from domestic sources. Average dry weather flowis 
15,0 mgd. Design average flow is 18.0 mgd. Effluent is discharged to a creek. 



Effluent concentrations of BOD and suspended solids are typically^ 14 and 13 mglU 
respectively. Settled wastewater has a typical BOD concentration 6\ 220 mg/l. The 
side stream flows, being transferred to the plant headworks, causes higher organic 
loading^s. 

Process Control 

The primary control parameter foHhis plant is the Sludge Compaction Ratio (SCR) 
method. The SCR is computed by obtaining mean values of 24 30^mlnute settling tests 
and 24 Gpin(sentrifuge} tests of hourly MUSS grab samples. The SCR Is equal to the 
settling' mean value divided by the spin mean value times 83.4. The number forop^ra^ 
tional Control is conrqDuted by multiplying the SCR by 100 ^nd adding the settling mean 
value. For this plant, the control number of 500 appears provide optimum operation. 
The Control number Is maintained by solids wasting and is also used as an indicator 
for the addition of polymers. At this time no correlation of the control number has 
been made to other process controls such asF/M, MCRT, etc. 
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CITY OF MADERA, CALIFORNIA 



Q<n<ralD<icrlptlon 

The wastewater treatment plant Incorporates the activated blofiltratlon (ABF) mode of 
operation. An alternate modei single-stage high-rate nitration/ is also avaltabla. The 
normal mode of operation Is with the acflvated bloflltratlon process. The ASF procees 
oonsjst of loading two parallel filters at rates of approximately 560 gpm/ft2 followed 
by sedimentation. Solids from the settling tanks are returned at a 2:1 ratio, and mixed 
with primary effluent before being applied to the flltBrs^ Waste solids are transferred 
to the plant'headworks and settled In the primary cl^rlflers. The plant treats waste* 
water primarily from domestic sources and receives Industrial wastes during the 
canning season. ^verag$ dry weather flow is 2.7 mgd with maximum day peaks of 
3.5 mgd. Effluent is discharged to evaporation-percolation pond^. 

Performance 

Effluent concentrations of BOD and suspended solids are typically 30 and 11 mg/t, 
respectively. 

Solids concentrations from the filter effluent are typically 2,600 mg/l. Control of these 
solids are maintained by the amount of solids wasted from the system. 

P rocess Cont rol 

The only process control currently used is maintaining the filter efftuent solids at 
optimum concentrations for various wastewater characteristics during specific times 
of the yefir. This conttol is maintained by wasting solids from the system. 
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CITIES OF NEENAH-MENASHA, WISCONSIN - SEWAGE TREATMENT 
PLANT 

General Description 

The treatment facilities are designed to operate primarily as a conventional activated 
sludge (CAS) or contact stabilization system. The contact stabilization mode has been 
tried periodically, and the results have been unsatisfactory. Tapered aeration was 
tried but resulted in clogged dtffusers. Therefore, CAS is the only feasible mode of 
operation. 

Performance 

The primary facilities are designed to discharge only 13 mgd to the activated sludge 
System. Although the aeration facilities are designed to handle 18 mgdi the RAO held 
constant at 9,0 mgd make the ADWF to the system near 22 mgd. Flow in excess of 13 
mgd out of the primaries is hydraulically diverted to the Interceptor sewer. 

The RAS enters a wet well and is controlled by a telescopic valve arrangement. RAS 
and WAS are pUD^ped from the wet well. The WAS is flotation thickened and pumped 
to a holding tank. RAS is returned to the head of each of the two aeration basins. 

P rocess Contr ol 

Contrary to practice m most plants, the desire in operation is to achieve a relatively 
high sludge level in the final tanks (correlates with the high SVI average of 210^220 
ml/g). Denser sludge blankets are particularly susceptible to lifting, with subsequent 
poor effluent quality. Standard practice at this facilHy Is to matnlain a level of sludge 
near the effluent weirs. The high SVI level is achieved by maintaining 3-4 mg/l DO 
the effluent from the aeration basin. 

High DO in the aeratioD basin ts desirable^ smce at lower levels odOr problems petSist 
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CITY OF PALO ALTO, CALIFORNIA 



General Description 

Due to the ' - '^ility of the primary plan to meet the more strict discharge requirements* 
In 1066 it was decided to expand the plant and also treat the wastes from the cities of 
Mountain View and Los Altos by tne activated sludge process. 

A re^cnal plant wa^ constructed with primary treatment, activated sludge secondary 
treatment and solids incineration, the capacity being 35 MGD dry weather flow and 
53 MGD wet weather flow. The regional plant was placed In operation in 1972. Plans 
for the future include expansion to 75 MGD dry weather flow and separate treatment 
of toxic Ir^dustri^. wastes* 

Operation 

The plant normally operates in the Complete Mix mode, but has the capability of 
operating in the Reaeration or Contact Stabilization mode. Reaeration has been tried 
at the plant, with little success. Sludge (RAS)is returned from the final clarifierwitha 
portion being wasted. Waste sludge and primary sludge are thickened prior to de^ 
watering and incineration. 
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CITY OF PHCENIX, ARIZONA -9181 AVENUE SEWAGE TREATMENT 
PLANT 

09fteral Pe$crlptlnn 

Initially, a 5 mgO irickling filter plant was foc^ated at the 91st Avenue site. This plant 
tr^aleC waste^wal^r (rom GtendaJ^ and the west sia© of Phoenix until late in 1964 wten 
Siage I oJ the 91si Avenue activated sludge ptiJiii was pyt into.operatlon.The capacity 
of tnts first stage was 45 mgd and was part of a fijre Gity (regional) was tevJa^r project. 
In 1969 a 15 ngd Stage II v:as put into operatiorh, giving the plant a total ca{>^ty of 
60 mgd. At present, tfie 9lst Avenue Sewage jreatment Plan^ is treating waste^^'j^i*^; 
from the cities of Glenda!&, Phoenix. Tempe. iScottsdale, Mesa, and Sun City. Young- 
tov/n and Peorii' will be contributing their flows to the plan£ in tne riBe^r future. Con* 
^'ruction is urderv/ay to expand the plant further, and future plains call for an eventual 
capacity of 240 mgd. 

Perf orm sn c j a n d f^rocess con trol 

The plant if, currc;itly bemg operaied in the conventional mode, but has the capability 
ot oe^ng ops 3tec^ in the step-foed aiode. The 31st AvenOe plant has experienced much 
the same lyp^of problem wMh frothing in the aeration basins as the City of Tucson, 
and they solved ii In the same mc^nnerby reducing the MLSS level to the 1.200- 1.600 
mg/i range. As in me case of the Tucson plant, this, along with a tow studge age of 
2 to 4 oa^Sj seems to remedy the frothing prrblem^ 



B-2S 



311 



M4AER0BIC 
SUPCfkHXTAHT 

1 



WASTE 

SUJOGE 




RAW 



flETURN ACTIVATED SUIDOE 





AERATION BASINS 


SEWAGE 





WASTE 

ACTIVATED 

SUJOGE 



SECONDARY 
CtARiHERS 



EFFLUENT 



PLANT FLOW DIAGRAM 



/Li'h O^V ftf 111' 



?4 



Dtl. TIME,* fUJW*H>JftS 



1 6C*J . 



1 »00 



^^ ^ * i * 



8-29 



31 



ERIC 



VILLAGE OF RIDGEWOOD, NEW JERSEY 
Oenefal Description 

The wastewater treatment plant is a conventtonal activated sludge plant. Design flexi- 
bility of the ptant allows the contact stabilization mode which is the current mode of 
operation. Diffused aeration is provided by low pressure centrifugal blowers. ^ 

Waste solids are processed by gravity thickening and anaerobic digestion. Additional 
side stream flows such as digester supernatant and filtrate from the sludge vacuum 
filters are transferred to the thickener. The thickener effluent undergoes separate 
aeration before being returneo to the treatment process thus limiting additional 
SOD loads. 

The plant treats primarily domestic wastes. Average dry weather flow is 3.1 mgd with 
a design average of 5.0 mgd. Plant effluent is discharged to a river. 

pgrformance 

Effluent concentrations of BOD and suspended solids are typically 16 and 13 mg/l, 
respectively. The settled wastewater has a BOD of 130 mg/l. 

s 

Process Contro l 

The F/M is held around 0.17 to 0.25 lbs BOD/day/lb MLVSS. The organic loading is 
nearly constant and by washng to maintain a constant MLSS fixes the F/M. D.O. is 
maintained around 2 mg/l by adjusting the blower afr rates. 

/ 
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ST. PAUU MINNESOTA - METROPOLITAN WASTEWATER TREATMENT 
PLANT 



General Description 

The current facitities were designed to operate as a high rate activated sludge process 
or step aeration activated sludge process, depending on influent conditions of the 
plant. Design average dry weathe^ flow influent conditions are 218 mgd, 250 mg/l BOD, 
and 315 mg/l suspended solids. . 

This plant presently operates at or in excess of its design capacity. Existing sludge 
disposal facilities are also operating at design capacity. These factors combined 
result in the plant failing to meet effluent standards. 

Pgrformance 

Probably one of the most serious problems with the plant is its inability to operate in 
the step aeration mode. The inability is due to (1) the loss of the incremental feed pipes, 
and (2) not enough air capacity. 

Another problem which directly relates to the aerobic process is the fact that the 
gravity thickeners operate under an overloaded condition. This results in poor capture 
efficiencies in the thickeners and consequently adds a solids burden on the aeration 
system. Related to the above is the problem that more solids handling inventory 
capacity id^j^equired in the secondary system and flexibility for process control is very 
limited, 
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SAN PABLO SANITARY DISTRICT, CALtFORNtA 



G eneral Description 

The San Pablo Sanitary District, Caltfornla operates a 12.5 mgd wastewater treatment 
plant designed for year-round complete nitrification. Tho original plant consisted of a 
primary treatment plant with effluent ohiorination and anaerobic digestion for solids 
processing. Additions completed in 19rUnciuded additional primary treatment facili- 
ties, a new plastic media roughing tricl^ling filter, new aeration^nitriflcatlon tanks, new 
secondary clarlfiers, an additional chlorine contact tank, new dissolved air flotation 
thicl^ener, and two new anaerobic digesters. A primary design consideration In laying 
out the plant for nitrification was the presence of a significant volume fraction (11 to 13 
percent) of potentially toxic industrial wastes In the Influent wastewater. Tank truck 
washing residues and the waste from a manufacturer of organic peroxide and phenol 
formaldehyde are the major industrial waste sources. The roughing fitter Is used In the 
treatment plant to prote<^t the nitrifying organisms from influent wastewater toxicity. 
Toxic dumps have caused severe sloughing and loss of growth on the media In the 
roughing filter, but nitrification remained unaffected^ 

Performance 

Efflu/nt BODg and suspended solids concentrations are typically 5 mg/L Complete 
nitrification Is obtained year round with a secondary effluent ammonia nitrogen con^ 
centratlon of less than 0.2 mg/l. The roughing filter converts influent organic matter 
to biological organisms. This Is irdlcated by data which shows that the total BODg and 
totat COD remain relatively unaffected by the roughing filter operation while the 
soiuble BODg and soluble COD are reduced with a corresponding Increase in total 
suspended solids. 

Process Control 

Control of the process is by maintaining an F/M of 0.15 lb BODs/lb MLVSS or an MCRT 
of around 13 days:The MLVSS concentration Is checked each day and the waste rate 
Is adjusted to give desi'ed MLVSS concentration range based on desired F/M and 
previous montl^s SOD €*nd flow data. 

Arr rates are adjusted twice a day to maintain DO of 3.0 mg/l in aerator effluent. A 
timer is used to shut^off one blower at night. 

RAS is controlled using a program cam In proportion to flow. The RAS flow Is then 
modified by a ratio station to give approximately 5,000 mg/l solids In return. 
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CITY OF TUSCON, ARIZONA 



1 



General Description 

The first primary treatment plant was constructed in 1928 and expanded In 1942. Pri* 
mary effluent was used for irrigation. In 1951 tlie first 12 mgd activated sludge plant 
wa^put into operation, secondary effluent being sold for irrigation. In 1960 a high-rate 
tricklit^Q filter plant was added in parallel to the existing activated sludge plant, 
increasing totaf capacity to 24 mgd. A second activated sludge plant was placed In 
operation in 1968, in parallel with the other two plants. With the addition of this third 
plant, the total treatment capacity was increased to 37 mgd. At the present time, the 
three plants are treating in excess of 33 mgd, but the plants are hydraulically over* 
loaded 12-18 hours per day. 

Performance and Process cont rot 

The two activated sludge plants are basically conventional plug flow processes. There 
is not enough fiexibitity in the plant to make other modes of operation feasible. 

Tlie plants are operated with a low MUSS, under I^OCX) to prevent frothing from becoming 
a problem. The sludge age is kept to 1.5 * 2 days to control frothing problems. The 
activated sludge processes are controlleo to sludge age and MLS^ Wasting and return 
rates are adjusted as needed to control to the appropriate sludge age and MUSS. 



dl^erations are not significantly affected by changes in weather or other^envlronmental 
clianges. The erratic flow characteristics, which hydr^ulicaEly overload the plant for 
12 - 18 hours p^er day. cause the most serious chronic operational problems for the 
operators. T^ere is a solids washout problem in the secondaries when the hydraulic 
overload condition exists. 
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NORTHWEST BERGEN CO. SEWER AUTHORITY, WALDWICK NEW 
JERSEY 

Generai Description 

The wastewater treatment plant a con^/entionai activated sludge piant utilizing the 
step feed aeration mode of operation Diffused spiral foh aeration is provided by Posi 
tive displacement blowers. MLS3 is settled tn reciangular clanfiers with sludge with- 
drawal from a trough at the midpoint of each tank. Waste solids are t*sns*erre<i to 
gravity thickeners followed by centrifucation and incineraiion. 

The plant treats wastewater pnmanly from domestic sources with an average daily flow 
of 4 6 r-gd Design average dry weather How is 8,5 mgd Effluent is discharged to a river. 

Perfor mance 

Effluent concentrations ot BOD and suspended solids are typically less than 5 rwgti 
Settled wastev;ater has a typical SOD concentration ol lOQ mg/!. 

Proce ss Con trol 

F/Mrs^etd around 0.13 toO 25 lbs 800/dayyib MLSS Actual wasting is controlled lo 
maintain a constant MCRT oi about 6 days. The mode o^ process control is by main- 
taining a constant MCRT whtch varjes the MLSS and F/M. O-O- is maintained around 

4.0mg/l 
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APPENDIX C- LABORATORY EQUIPMENT 



Outlined on the foliowing pages are suggested iaboratory equipment, supplies and 
chemicat reagents required to perform the process control tests for typical aerobic 
biological treatment facilities 

In addition, optional equipment, and/or methods have been included for certain tests. 
All test methods are referenced to Standard Methods for the Examination of Water 
and Wastewater," 14th Edition. 1976, APHA. AWWA, WPCF 

Additional equipment required in conjunction with the following tests include 
1 Standard type refrigeration tot sanvie storage 
2, Fume hood 

3 Bottles for collecting and storing of samples or use wtthautomatic samplers. 

4 An approprtate carrying device for sample bottles if samp*es are coUectecf 
manually 

5. Sample bottle tongs with extended handle 

BOD TEST 

A Equiprpent and supplies 

1 Incubator (BOD) Capacrty, 13 cu ft . ambient air thermostatically coniroMed 
at20± r c 

2 Bottles (BODf. meet APHA speciJicatiOne, numb*?red m sequence, 30O ml 
capacity. 2 cases (48 bottles suggested) 

3 Buret, Straight Stopcocu. with side tube stopcOcK for titling, 50 ml capacity. 
0.1 ml subdivisions 

4 Supporl, Buret Double, with holder 

5 Bjtiie, reagent. lOOO ml capacity, with tubulature near bottom 

6 Bottles (4) Dropping Assembly, 25c pt^i capacity 

7 Bottle, carboy. 5 gai 

8 Tubing, polyethylene, 10 It 

9 Pjpeis. volumetric, assorted sizes, i to 25 ml, color coded, 0 1 rv^! subdivisions 

10 Balance. Trjple Beam. 600 grams, sensitrvity 0 1 gram 

1 1 Hot Plaie/Magnehc Stirrer 

12 Flasks ertenneyer, 500 mi capacity 

& Chemic^ Reagems 



1 


Distilled waier 


2 


Sodium Thiosulfaie solution 


3 


Concentrate^d Sulfuric Acid 


4, 


Manganous Sulfate solution 


5 


Alkaline lodide-sodium azide solutions 


6 


Starch solution 


7 


Phosphate buffer solution 


B 


Magnesium Sulfate solution 


9 


Calcium Chloride solutions 


lO 


Feme Chloride solution 




Optional Equipment/Method 

1. Potargraphic Dissotyed Oxygen Meier, setf contatned, with BOD aciistor 
and probe assembly 

COD TEST 

Equipment and Supplies 

1. E>;traction Apparatus, 6 un<t, comptete wdh stfppoft rod$. clamping bracVets. 
and rod clamps, 115 Volt ac 

2. Condensers, retlux vj»thS ground loml both top and bottom* and dhp tip (jt 
bottom, length 350 mm 

3 Flasks, boiling, flat botfom, short necK, w*th5 jomt, 250 ml capacity 

4 Cylinder, graduated. 50 ml capacity 

5 Pipel Ftller, Polypropylene, Nalgen*^. safety, tor use v/ith volatile, corrosive 
and poisonous liquids 

6 Pipets, Volumetric, color coded, 25 mf capacity. 0 1 mlsubdivisrons 
7. Tubing, polyelhylene. 25 fl 

6. Buret, Straighl Stopcocks vv*th side tube stopcock for (ifling, 50 ml capacity, 

0.1 mi subdivisions 
9 Support, Buret Double, with holder 

10 Bottle. Reagent, 1000 ml capactty, with tabutature near bottom 

1 1 Potable water source 

12 Ruboet^ gloves and apron 

13 Clamp, Flask, Safety Tongs 

14 Safety glasses 
15. Beads,glas$ 

16 Balance, Tnpie Seam. 600 grams, sensitivity 0 1 g^^am 

C^^nmtcal Reagents 

1 Standard Potassium Drchromate Solution 

2 Sulfuric Acid'Silver Sulfate Solution 

3 Standard Ferrous Ammomum Sulfate Solutior^ 

4 Ferromlndicatt^r 

5 Silver Sulfate, i: t^^vder 

6 Mercuric SyHate. anaiyttcat grar^ecry^^tats 

SUSPENDED SOLIDS TEST 

TOTAL SUSPENDED SOLIDS \ 
A Equipment an ' ^uppnes 

1. Filter, holders, membrane assembly for vacuum ftUration 

2 Flasks, filtenng, 1000 ml capacity ^ 

3 Tubing, VdCuuni, tOft 

4 ForcGpSn specimen 

5 Pump. Air Pressure and vacuum type 

6 Paper, ftlter, glass Uber, 47 mm diameter 



7. Vacuum, manifold wrth fouf collections and stopcocks 
8 Oven, drying, with forced draft, Ihermostatically controlled lo maintain 
103+ *C 

9. Cabinet, Desiccator tor vacuum drying and storage 

10. Balance. Analytical, automatic, digital* single pan; readout to O.l 
milligram 

1 1 . Cylinder* graduated, assorted sizes (25 to 1Q0 ml capacity) 

3. Chemicals 

1 . Desiccant, silica gel air dryer 

II. VOLATILE ^JSPENDED SOLIDS 

A. Equipment and Supplies 

1. Furnace, muffle, 115 Volt ac, thermostatically controlled to maintain 
600 ± * C 

III OPTIONAL EQUIPMENT/METHOD 

A. Gooch crucible n-.ethod with 2.4 cm glass fiber filter ^ 

SETTLEABLE SOLIDS TEST 

A. Equipment and Supplies 

1. ConesJmhoff, 1O00 ml capacity 

2. Stand, imhoff cone 
3 Rod, :.tirrer. glass 

4, Timer, interval, range 15 minutes to 2 hours, 1 15 Volt ac 



NITROGEN-KJELDHAL (TKN) 

'Equipment and Supplies 
1 , Bulbs, connecting, spherical. 65 mm diameter 

2, 
3 

5. 
6. 
7 
8 
9. 
10. 

ir 



Tubes, delivery, with safety bulb 
Flasks, eOO ml capacity 
"*')pper, rubber, 800 ml Flask size 

opectrophotome^ ^00 to425mMvyrt(Hjght patrhof 1 cm or longer 
pisiillation Apparatus, 6 unit, Kjeldhal Volt ao 
B^^ Ms, glass 

Fi^jiSks, er cnmeyer, 500 mt capacity 
Cylinders, graduated, 5C to5C' ^' apacity 
Balance, triple beam, 600 grams, seno livttyO 1 gram 
Rubber gloves and apror 



12. Safetygiass3S 

B Chemical Reagents 
1 Di5>tihed Water 
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O ^ 



2. 


Potassium Sulfate 


3. 


Concentrated Sulfuric Acid 


4. 


Red Mercuric Oxide 


5. 


Phenophalien Indicator Solution 


6, 


Sodium Hydroxide 


1 . 


Sodium Thiosulfate, 5 parts water 


8. 


Methy} Red Indicator 


9. 


Ethyl Alcohol 


10. 


Methylene Blue 


11. 


Indicating Boric Acid Solution 



Optional Equipment/Method 
1 Filter Photometer, v;ith maximum transm^ttance at 400 to 425 m^ and light 

pattiof 1 cm or longer 
2. Nessler Tubes, matched, 50 ml capacity, tall form 

AMMONIA- NITROGEN TEST 
(Nesslerlzatlon Method) 

Equipment and Supplies 
1 Spectrophotometer for use at 400 to 500 him and light path of 1 cm or longer 

2. Beakers, assorted sizes, 25 to 200 nil 

3 Pipet, filters, for use v/it 1 corrosive liquid 

4 Pipers, assorted sizes, l to 25 ml, color coded, o.1 ml subdiv* ions 
5. Cylinders, graduated, assorted sizes 25 to 200 ml 

6* Bottles, reagent, 1000 ml capacity 

1. Balance, triple beam, 600 grams, sensitivity 0.1 gram 

8. Rubber gloves apd apron 

9 Safety glasses 

Chemical Reagents 

1 Ammonia free water 

2 Potassium Dihydrogen Phosphate 

3, Dipotassium Hydrogen Phosphate 

4 Dechlorination agent Thiosutfate 

5 Sodium Hydroxide. 

6 Sodium Arsenite 

7 Sodrum Sulfite 
8, Sulfuric Acid 

9 Zinc Sulfate 

10 MerCunc Iodide 
11, Potassium lodrd^ 

12 Ammonium Chloride. Anhydraus 

13 Hydrochloric Acid 

14 Potassium Chloropladnate 

15 Cobaltou^ Chloride 



C. Optional Equipment/Method 

1. Filter Photometer with maximum iransmittance at 400 lo425 m^^ iightpath 
of 1 cm or longer 

2. Nessler Tubes, matched, 50 ml, lall form 

3 . pH meter, equip'ped with high pH electrode 
4. Phenate Method (Tentative) 

NITRITE- NITROGEN TEST 

A, Equipment and Supplies ' ■ ^ 

1. Spectrophotometer, for use'' at 400 toSOOm^^andlighlpath of 1 cmor fonger 

2, Beakers, assorted sizes, 2^ *o 200 ml ^ 
Ripeip fillers, for use mHi corrosive liquids 
Ptpets, assorted sizes, 1 to 25 ml, color coded, 0,1 ml subdivisions 
Cy}inders« graduated, assorted sizes. 25 to 200 ml 
BottleSp reagent, 1,000 ml capacity 

Balance, Triple Beam, 600 grams, sensitivity 0 J gram ^ 
Rubber Glovesand Apron 
Safety Glasses 



3. 
4. 
5. 
6. 
7. 
8, 
9, 



B. Chemical Reagents 

1. Nitrite-FreeWater 

2, Potassium Permanganate 
a Calcium Hydroxide 

4. Orthototidine 

5. Concentrated Sulfunc Acid 

6. Manganese Sulfate 
7- Ammonium Oxalate 
8 EDTA Reagent ( 
9. Sulfanllii Acid 

1 0. Hydrochloric Actd 

1 1 . Naphthylamir^e Hydrochloride 

12. Sodium Acetate 

13. ' Sodium Nitrite ^ 

\ 

C Optionaf Equipment/Method 

r Filter Phnlomet^, w*th maximum transmiltance J^ear SOOm^uand light path 
of 1 cmor longer 

2. ?^esslerTubes, matched, 50 ml, tell form 

NITRATE -NITROGEN TEST 
(Bruclne Method) 

A Equipment and Supplies 

1 . Spectrophotometer, for use at 400 to 500 m^t and light path of 1 cm or longer 
Z Beakers, assorted sizes, 25 to 200 ml 

3. Pipet. fillers, for use with corrosive liquids 

4. Pipets, assorted sizes. 1 to 25 ml, color coded, 0.1 ml subdivisions 
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5. Cylinders, graduated, assorted sizes* 25 to 200 ml 

6. Bottles* reagent. 1,000 ml capacity 

7. Balance, Triple Beam, 600 grams, sensitivity 0.1 gram 
a Rubber Gloves and Apron 

9, Safety Glasses 

10. Test Tube Rack 

It TestTubes,2.5xl5cm 

B. Chemical Reagents 

1. Potassium Nitrate* anhydrous 

2. Sodium Arse nite 

3. Brucine Sulfate 

4. SulfantllcAcid 

5. Concentrated Hydrochloric Acid 

6. Concentrated Sulfuric Acid 
?. Sodium Chloride 

C. Optional Equipment/Method 

1. Filter Photometert with violet filten having ipaximum transmlttance between 
400*425 mfs and light path of 1 inch 

2. Zinc Reduction Method 

3. Cadmium Reduction Method 

4. PhenoJdisulfanic Acid Method 

5. Chromotropic Acid Method 

TOTAL PHOSPHORUS (ASP) 
(Ascorbic Acid Method) 

A. Equipment and Supplies 

1. Spectrophotometer* for use at 400 to 500 nv* and liQht path of l cm or longer 

2. Beakers, assorted sizes, 25 to 200 ml 

3. Pipet, fillers, for use with corrosive liquids 

4 Pipets, assorted sizes* 1 to 25 ml, color coded, 0,^1 ml subdivisions 

5 Cylinders, graduated, asaorted sizes. 25 to 200 ml 

6 Bottles. reager*t, i,000mi capacity 

7. Balance, Triple Beam, 500 grairiS* sensitivity O.l gram 
8^ Rubber Gloves and Apron 

9. Safety Glasses 

10. Cylinder, mixing lOO ml capacity 

11. Hot Plate/Magnetic Stirrer, combination 

B Chemical Reagents 
t Ascorbic Acid 
2. Antlmon Potassium Tartrate 
3r Hyrochloric Add 

4. Sutturic Acid 

5. Ammonium Maiybdate 

C6 
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6. Ammonium Persulfate 

7. Potassium Phosphate, dibasic 

8. Potassium Phosphate, monobasic 

9. Sodium Hydroxide 

10. Phenolphthalein 

C. Optional Equipment/Method 

1. Filter Photo*Heter, with red color filter and light path of 0.5 cm or longer 

2. Vanadamolybdaphasphoric Acid Colorimetric Method 

3. Stannous Chloride Method 

30-MINUTE SETTLING TEST 
(One Liter Graduated Cylinder Method) 

A. Equipment and Supplies 

1. Cylinders, graduated, one liter (1.000 ml) capacity; glass cylinders rec- 
ommended. 

2. Rod, glass, stirrer 

3. Interval Timen 1 minute to 2 hours, 115 volt ac 

4. Bottles, sample, wide mouth, 1 gallon capacity 

B. Optional Equipment/Method 

1. Mallory Direct Reading Settlometen 2*000 ml capacity 

DISSOLVED OXYGEN TEST 
{Winkler Method) 

A. Equipment and Supplies ^ 

1. Bottfes (BOD), meet APHA specifications, numbered in sequence. 300 ml 
capacity, 2 cases (48 bottles c^uggested) 

2. Buret, straight stopcock* with side tube stopcock for filling, 50 ml capacity, 
0.1 ml subdivisions 

3. Support* Buret Double, with holder 

4. Bottle, reagent. 1.000 ml capacity, wfth tubufature near bottom 

5. BottEes (4). dropping assembly. 250 ml capacity 

6. Tubing, polyethylene, 10 ft, 

7. Pipets. volumetric assorted sizes, 1 to 25 ml, color coded, 0.1 ml subdivisions 
8 Balance. Triple Beam, 600 grams, sensitivity 0.1 gram 

a Hot Plate/Magnetic Stirrer 
10. Flasks, erlenmeyer, 500 n^l capacity 

B Chemical Reagents 

1. Distilled Water 

2. Sodium Thiosutfate Solution , 

3. Concentrated Sulfuric Acid 

4. Manganous Sulfate Solution 

5. Alkallrie Iodide-Sodium Azide Solutions 

6. Starch Solution 
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7. Sulfamic Ai^id, technical grade 

8. Copper Sulfate 

9. Concentrated Acetic Acid 

C, Optional Equipment/Method 

1, Polarographic Dissolved Oxygen Meter, self contained, with probe assembly 

pH TEST 

(Electrometric Method) 

A, Equipment and Supplies O— 

1. pH Meter 

2. Electrode, reference 

3. Electrode, glass 

4. Beakers, lOO ml capacity 

5. Bottle, wash, 250 capacity 

6. Tissue Paper 



B, Chemical Reagents * 

1. BufferSolution, pH 4.0 

2. BufferSolution, pH 7.0 

3. Buffer Solution, pH 10.0 

4. Filling Solution, forreference electrode 

5. KCLSolution, saturated 

C. Optional Equipment/Method 

1. Colorimetric Method (nol recommended for wastewaters) 

2. pH Paper(provtdes quick estimate) 

TEMPERATURE 

A. Equipment and Supplies 

t. Combination Thermometers, -20* to + 150* C, +20' to 220* F 

2. Thermometer, OMo + l20'C,wlthmetalarmoredca8eandnyloncord 

B. Optional Equipment/Method ^ 
t Telethermometer 

2. Thermistor Probe 
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Absorptbn The taking up of one substance into the body of another. 

Activatid Sludgi Sludge fioc produced In raw orsettled wastewater by the growth of 

organisms (Including zoogleal bacteria) In the presence of dissolved oxygen. The 

term "activated" comes from the fact that the sludge I3 teaming with active, or 

living, microorganisms. 
Actlvatid Sludge Lotding The pounds of blochemclal oxygen demand (SOD) In the 

applied liquid per unit volume of aeration capacity or per pound of activated 

sludge porday, 

ActlvatidSludgiProceas A biological wastewater treatment process In which a mlx^ 
tura of wastewater and activated sludge Is agitated and aerated. The activated 
sludge Is subsequently separated from the treated wastewater (mixed liquor) by 
sedimentation and wasted or returned to the process as needed. 

Adsorption The adherence of a gas, liquid, or dissolved material on the surface or 
Interface zone of another substance. 

Aeration The bringing about of intimate contact between air and a liquid by one or 
more of the following methods: (a) spraying the liquid In.the air, (b) bubbling air 
, through the llquldi and (c) agitating the liquid to promote surface absorption of air. 

Aeration Period The theoretical time, usually expressed In hoUrs, during which mixed 
liquor Is subjected to aeration In an aeration tank while undergoing activated 
sli/dge treatment. It Is equal to the volume of the tank divided by the volumetric 
rate of flow of the wastewater and return sludge. 

Aerobic (1) A condition In which "free" or dissolved oxygen (Oj) Is present. (2) Re^ 
quiring, or not destroyed by, the presence of free oxygen. 

Afkallnlty Buffering, or acid neutralizing, capacity of wat^r due primarily to Its car* 
bonate, bicarbonate, a^id hydroxide content. 

Ambient Temperature Temperature of the surroundings. 

Anaerobic (1) A condition In which ''free" or dissolved oxygen (O2) Is not present, 

(2) Requiring, or not destroyed by, the absence of free oxygen. 
Assimilation The process by which food )s converted to cell protoplasm. 
Autotrophic Having the ability to utilize CO2 as sole source of carbon, 
Available Oxygen The quantity of dissolved oxygen available for oxidation of organic 

matter In a water body. » ^ 

Bacteria Singe celled microorganisms of primary Importance In most biological 

wastewater treatment processes. 
Batch Reactor Reactor in which flow Is neither entering nor leaving on a continuous 

basis. 

Biochemical Oxygen Demand (BOD) A standard test indicating the quantity of oxygen 
utilized by wastewater under controlled conditions of temperature and time. 

Bloassay Estimating the toxicity of an effluent by testing its effects on living 
organisms. 

Biodegradatlon The destruction or mineralization of organic materials by micro- 
organisms. 

Bfofioccufatlon A condition whereby organic materials tend to be transferred from 
the dispersed form in wastewater to settleable material by mechanical entraps 
mant and assimilation. 

SloloQicai Examinations A microscopic survey of the types of microorganisms 
present in a sample. 
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Biological Flltor A bed of sand, gravel, broken stone, orother medtum through which 
wastewater flows or trickles that depends on biological action for its effectiveness. 

Biological Filtration The process of passing a liquid through a biological filter, thus 
permihing contact with^zoogleal films attached to the media that adsorb and 
absorb fine suspended, collodial, and dissolved solidsand release end products 
of|£)ioch^ Tiical oxidation. 

Biological ^Af^towater Treatment Forms of wastewater treatment in which bacterial 
or biochehicial action Js intensified to stablize the unstable organic matter 
present and remove non^settling solids. Intermittent sand filters, contact beds* 
trickling filters, and activated sludge processes are examples, I 

BJofoglcaf Reactor The srte(s) in a wastewafer treatment plant where the i^rincipal 
biochemical reaptions take place, / 

Biomass Active or dead microorganisms present in a particular area of a^iological 
treatment plant. 

BOD See Biochemical Oxygen Demand. 

BOD5 Five-day biochemcial oxygen demandi the oxygen demand exerted after five 
days of a SOD test. (See Bio<^5mciaf Oxygen Demand) 

BOD Load The BOD content, usualt)^ expressed in pounds per unit of time* of waste- 
water passing into a waste treatment system. 

Bulking Sludge An activated sludge^hat settles poorly because of jow-density floe. 

eac^naceous Oxidation Biochemical Vocess by which heterotrophic microorganisms 
derive energy from organic wastes^ndermg more stable organlcs or inorganics 
as end-products, \ 

Catalyst A substance tiiat speeds up a chiemical reaction without b^tng altered itself. 

Chemical Oxygen Demajid (COD) A measure of the oxygen^consuming. capacity of 
inorganic and org^^nic matter present in wastewater. It is expressed as the 
equivalent amount of oxygen required as determined using a chemical oxidant in 
a standard test. Itjdoes not differentiate between stable and unstable organic 
material and thOs doea^ not necessarily correlate v/ith biochemical oxygen 
demand (BOD). 

Chlorlnation The application of chlorine or chlonne compounds to water or waste* 
water, usually for disinfection, but frequently to obtain other biological or chemi 
cal results. 

Chlorine Contact Chamber A detention basin provided pnmarily to secure the diffusion 

of chlorine through the liouid. 
Chlorine Demand The difference betv\feen the amount of chlorine added to water or 

v\fastewater and the amount of residual chlorine remaining at the end of a specified 

contact period, 

Ciltate A type of protozoan characterized by short* filamentous ciha used for motility 

and/or capturing food 
Coagulation The clustering of suspended solids into larger particles or tlocs caused 

by the addition of a chemical (coagulant) or by biological processes. 
COD See Chemjcal Oxygen Demand, 

Collform-Qroup Bacteria A group of bacteria found in the intestines of man which are 
used as indicators of fecal pollution and the presence of pathogenic bacteria in 
waterand wastew*ater. ^ 

Colloids Finely divjded* non settleabte solids which may be remoJ^d by coagulation 
or biochemcial action. 

Complete Mix Idealized continuous flow reactor in which fluid particles are immedi- 
ately dispersed throughout the reactor 



complete Treatment In an imprecise and general sense, the processing ol domestic 
and some Industrial wastewaters by means of primary and secondary treatment. 
It may Include other specialized types ol treatment and disinfection. A high 
percentage removal of suspended, colloidal, and dissolved organic matter is 
implied. 

Composite Samples Samples collected at regular intervals, sometimes in proportion 
to the existmg Mow, and then combm^d to form a sample representative of flow 
overaperiod oftime. 

Concentration (1}The amount of agwen substance dissolved or suspended m a unit 
volume of solution. (2) The process of increasing the soltds per unit volume in a 
liquid, ^ 

Contact Aerator A biological unit consisting of stone, cement asbestos, or other sur- 
faces supported in an aeration tank, in which air is dtlfused up and around the 
surfaces and settled wastewater flowsthrough the tank. 

Contacr^billzatlon process A modification of the activated sludge process in which 
wastewaler is aerated with a high concentration of activated sludge for a short 
period, usually less than 60 minutes, to obtain BOD removal. The solids are 
subsect^ently separ^ed by sedimentation and transferred to a stabilization tank 
wher^aeratton is continued, starving the activated sluci^.e before returning it to 
the aeration basin. 

Conventlonat Actuated Sludge process Activated sludge process utilizmg plug-flow 
through the aeration oasin with primary effluent and activated Sludge fed at the 
head end and uniform aeration throughout. 

Cytoplasm Contents of a biological cell excluding the nucleus. 

Degradation The conversion of a substance to simpler compounds. 

Density Mass per unit volu.ne of any substance. 

Design parameters Various critena used to determfne oize, shape, quantity, and'or 
methods in the design of units and processes in a treatment plant. 

Detention Time The time required to' fill a tank at agjven flow or the theoretical time 
required for a given flow of wastev^ater to pass through a tank (volume divided by 
flow rate). 

Dowater To extract a portion of th^ water present in a sludge or slurry. 

Diffused Air Aeration The process by which air is compressed ani discharged below 

the mixed liquor surlace through some type of air diffusion device. 
DIff user A device (porous piate, tube, bag) used to break the air stream from a biower 

system inio fine bubbles in a liquid. 
Disinfection The process by which pathogenic (disease-causing^ microorganisms 

are killed. Chlorinailon is the most frequently used method in wastewater 

treatment. 

Dissolved Oxygen (DO) Molecular or free" oxygen (O2) dissolved m water or -.vaste- 
water. 

Dissolved Solids Very small, Tion-settlmg particles defined by the method of measure 

ment (see Standard Methods). 
Distributor A mechanical device used for spreading wastewater over the surface ot a 

trickling filter. A rotary distributor is usually usBd. 
Ditch Oxidation A modilication of the activated sludge process or the aerated pond, 

in which the mixture under treatment is circulated m an endless ditch and aer^tton 

and circulation are produced by a mechanical device. 
Diurnal Flow Flow that shows marked and regular variations through the course of 3 

day. 



Domestic Wastewater Wastewater der*ved prmcipaiiy from dweifmgs, bustness 

bulldingSp Instktutionsand other nonmdustrral sources 
DO See Dissolved Oxygen 

Dosing Ratio The maximum rate of ;v3Sie:vater appiicatton ro a f^lier divided by the 
average rate. 

Dry Suspended Solids The wejght of the suspended matter m ^^vastev'vater or other 

liquid afler drying fori hr at 103 C 
Ecology The branch of biology dealing wilh the retanonships bet/^een organisms aind 

thoirenvironmeiil 

Effluent Wastev;ater or other Ik, jjd fio^^mg tromabasm. treatment Process, or tr^ai^ 
ment plant, 

Enzymes Substances produced by iivmg organtsms that speed up chemical changes 
Endogenous Respiration Utilization internal cellular material as food under aerobic 

conditions whenan adequate external food supply is unavailable 
Excess Activated Sludge The quantity of actr:ated sludge above that needed tor 

process operation 

Extended Aeration A modification of the activated kludge process utilizing ver>' long 
aeration periods 

F/M Ratio Food to microorganism ratio, the amount of tood (organic matter as SOD 

or COD) available per unit ma$$ of microorganisms. 
Facultative (1) A conditio^ m whiCh free or dissolved oxygen (Oj) is present only 

m some places. (2) AbJe to function bolh m the presence or absence ot free 

oxygen. 

Filamentous Bacteria Bacteria that grov/ m a Ihread or Momentous form. 

Filter Flooding The iiihng of a tncKling filter to an elevation above the top of me 

medium by closmg all outlets, m ord^lo control nuisance of filter f ties. 
Fioc Groups Of cl^jmps' of bacteria that have come together and formed a smail 

gelatinous mass. Found m aeratron tanks and secondary cjanfjers 
Flocculstlon An action reSuHmg m the gathering ol fine particles to form larger 

particles. 

Grab Sample A Single sample ol wastewater taken an at one time trom one plice. 
Head A term used in expressing the pressure or energy of ffuids in terms of the ^^^gh* 

of a ve'':icle column of water. 
Head Loss Energy fost, expressed m he.^d. from ffowpng Muids due to frjction and 

turbulence 

Heteroirophic A term de3CT»bing orgarus^ms whjch use organtcs as the source of cell 
carbon 

High-Rate Filter A tnckimg futer operated at s htqh average dajiv dosmg rate, ueiu^illy 

betv^een 100 and 1000 gpd/sq ft 
hydraulic Detention Time T^e theoretical time required to displace ihe contents of a 

tank orunit at a given discharge rate (volume of tank divided by discharge raio) 
Hydraulic Loading The volume of wastewater applied to a unit m a gi^en time, 
industrial Wastewater Waste^vater m which ^vastee (rom industrial proces^^es pre 

dominate 

influent Wastev^ater or oiher itoutd rio^A-ing mto a reservoir, ba^. x tr^^aSr^^enl proces:^, 

or treatment ^iar^^^ . 
intermittani FIJter A tr^cMmg futer »vhjch i^. dost^d m^vruunenUy raihe* man conuou 

ouSly 
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Kdsscner Brush A cylindrical metdl brush used to mdmtdin ctrculation dnd provide 

oxygen in the activated sludge proces$ 
Kinetic Data Recorded measurements used to determine rates ol microorgani$m 

growth and substrate removal 
Kraus Process A modification of the activated sludge process in which liquid froktk 

anaerobic digesters is added to the aeration basms as a source of additional 

nutiients. 

Log Growth Phase The pertod of time vVhen the mass of microorgani&ms is doubling 
at regular interval 

1 ^-Rate Filter A tricKlmg fi;ter designed to be operated with a hydraulic load of 25 

to 100 gpd^3q, ft. of fiiter surface Al^o called standard-rate filter. 
Mean Cell Residence Time Average penod that a ceM is hotd in the activated sludge 

Ktocess; also known as solids retention time. 
MechanlcalAeratlon A class of processe$ by which tne surface of an aeration tank ts 

mechan*cally agitated to cause spray or wave resulting m aeration of the liquid. 
Metabolism The life-process in which food is utilized. 
MIcronutrlents Inorganic nutrients required in only trace amounts. 
Microor^jnfsm Very small organisms that can be seen OiJy through a microscope 

SontemicroorOanisms tht wastes in wastewater'foi food and thus remove or 

ailer much oi tne undesirable matter. 
Mixed Llqour^ The mixtureofaclivated sludge a^ ^ //astev^ater in an aeration tank. 
Mixed Lfquor Suspended Solids (MLSS) Defined by testing method (see Standard 

Methods). May be roughly defined as non-filtcrable solid particles in mixed liquor. 
Mixed Liquor Volatile Suspended Solids (MLVSS) Defined by testing method (see 

^^^ai^dards Methods) May .:L)8 roughfy defined as that part of the mixed liquor 

suspends, ^ohds that i? combustible. 
Motile Capable of movement 
Nematode Unseomented worm 

New Growth Rate The rate ot mcreasein the mass of live nrncroorgamsms celcuiated 

by subtrachng the death rate fromfhe synthesis rate 
NivriflcDilon The biochemciai conver&^on of unoxidized nitrogen iamonia and organic 

nitrogen) tooxidized nitrogefffu. - '^y nitrate) 
Nutrients Elements \,'jhich are needet support living cells sochas carboni hydrogen. 

Oxygen, nitrogen, and phosphorus 
Qrfiianic Matler High Energy carbon co ipOu >ds, usuf'Ny from plant of animal sources. 

buisometin-^es synthetic 
O idatlon A ch&i MCa] reachon. usuaily involving the ad<i»t!On ot oxygen ano the 

release ot energy 

Oxygen upta^:e Rate tml* rale at /..uch oxygt \s translerred to wastewater under 
ition 

Oxygen Utilisation The Oxygen consumed fo support aerobic biologicaf treatment 
processes 

Parsnetll Flume A device v/h*ch measures the critjcal depth tod*5termine flow 
Peak Load The max^^, drr rate of flow to a wastewater treatment plant, 
pH An express^on of the intensity of the alhaline or acidic strength of a water, 
P^.otosynthesis The use of ^Jn!lght io obtam the energy necessary to synthesize 

new cell material 
PinFlct; Very fine ffoc particles with poor settling characterislics 
l^iain Sedimentation Sedimentation without theaid of chemicals 



Plug Flow Reactor Idealized continuous Uovj reacto: m whtch f^uid particles are 

discharged in Ihe same orde^* in whi *} they entered. 
Ponding Th^ formation of pools or ponds of wastewater as a resutt of surface cloggihg 

in trickling filters. 

Pr^aera^lon A preparatory treatmeni of wastewater consisting of aeralion to remo^'e 

gases, add oxygen, Promote flotation of grease, and aid coagulation. 
Pretreatm^ant The oe of racks, screens, communitors. and grit removal devices to 

remove metat. rooks, sand, eggshp:'s, and similar materials which may hinoer 

the operation of a treatment Di^riL 
Primary Treatment The firs' phase of wastewater treatment , consisting of separating 

the readily settleab^c or lioatable soLds by sedimentation and skimming. 
Protoplasm The matena! of a livmg cell 
Protozoa Animal-iike microorganisms. 
Psychoda The generic name of fiite Hi^s, 
Raw Wastewater Wastewater before rt receives any treatment 
Reactor Any vessel in which a chemtcal biochemical, or physical reaction takes place 
R&circuifktion The return of a portion of the wastewater which has already passed 

through i trickling filter for a second passage. 
Respiration "he process by which a cell takes up oxygen and gives off the Ca bon 

dioxide formed in energy proc? cing reactions. 
Rising Sludge A problem in secondary settling tanks generally attributed to denitn 

f' ;.tio.^ the sludge blanket. 
Rotary Diptrlbutor A movable distributor made up of horizontal arms that extend to 

the eoge of the circular filter ^ed- rev^:ve about a cential post, and distribute 

liquid over the bed through holes or jets in the arms. 
Rotifw A sm^ll mutti celled animal that gets its name from the rotating acUor* of 

rows of Gilia near its mouth. 
Roughing Filter A trickling filter of relative'^ coarse material operated ai htgh r^^te to 

afford preliminary treatment. 
Scun Coltector A mechanical device for skimming and removing scum from the 

surface of a settling tank. 
Secondary Treatment Phase of \^■Jts^ewate^ trealment in which dissolved or suspended 

material is converted into a form n' re readily separated Kom thewastewaier 
Sedimentation The process of settling suspended solids by gravity. 
&eptic A condition produced by growth of anaerobic organisms. 
Settleable Matter See Settleable Solids. 

Settleabfe Solids That matler in wastewater which wiff not stay in suspension during 
a preselected settling period, either settling to the bottom or floating to the top 

Settled .^t.^tewater Wastewater from v./hich most of the settleable solids have been 

reiiioved by sedimentation 
Sewage Spent water of a community. 

Shock Load The arrival at a plant of a waste which is toxic to organisms In sufficient 
quantity or strength to cause operating problems. Organic or hydraulic overloads 
can also cause a shock load. 

Side Water Depth (SWD) Tt~e depth of water measured along a vertical exterior wall 

Sloughing The dropping or washing off of slime from tricklmg f iltc, media 

Sludge *^e solids separated fnDm liquids during processing. 

Sludge Age A measure of the length of time a particle of suspended solids ha^ be^n 
undergoirig aeration 
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Sludge Blanket A layer o' sludge suspen<^ed svuhin an enclosed bodv ot wastewater. 

Such as 3 settling tank 
Sludge Bulking Pooi settt ng due to )oa^ density ftoc Jri the acttvateo sludge process. 
Sludge Digestion A prooe:>s by whtch organtc matter *n sludge iS converted into a 

more stable form by anaerobic or aerobtc organisms 
Sludge Density Index The reciprocai of th€ sludge voiume index (SVI) multiplied bv 

100(ie 1/SV! X -00) 

Sludge Volume Index The ratto of the volume m milliliters of sludge settled from a 
1,000'ml sample in 30 mtn to the concentration of mixed hquor m milligrams per 
liter multiplied by ^000 

Solids Retention Time (SRT) The average residence time of Suspended solids m a 
biological waste treatment sys =^m, equal to the total iveiflht of suspended sohds 
in the system divided by the total weight of suspended solids leaving the system 
per unit time. 

Solids Loading The /.e^ghi or mass ot sol.ds apphed to a treatment process per unit 
time. 

Soluble Capable of dissolving readity 

Stabilization Conversion to a torm that resist;^ change. 

Stage A process which is, folJoi^edot preceded by a similai process. 

Standard'Rate Filter See Low-Rate F*ti<?f 

Step Aeration Same as step feed 

Step Feed Adding wa;-tewaterat pomtsatong the length of an aeration basm rather 

than just at th^^ head end ^ 
Supernatant Liquid removed from settled sludge 
Substrate The substance bemQ used bv mtcroorganisms in suspension. 
Suspended Matter See Suspended Soltds. 

Suspended Solids (SS) Oefmed oy testing method tsee Standard Methods), but may 

be roughly defmed as all non dissolved solids that ta:^e a certain minimum t»rre 

tosettle instifl water 
Synthesis The oreat*on of new material ffom elementary building blocks 
Tapered Aeration An aeration method whereby the quantity of atr added vanes along 

the aeration basm ^vUh a maxtmumat the head end and a minimum at the outlet 

end 

Toxicity The ability of a waste to poison Organisms 

Trtckting Filter A biological treatment process in which the wastewater trickles 
through a bed of rhme covered medj3 and is treated by the action ol the miCrO' 
organisms in the sUme layer 

Trickling Filter Media 1 he solid material "i'* a tnckhng filter which provides a surface 
for a bioiogpcai film oi microorganisms Crushed ^tone i^ the most commof^ly 
us*pd n?ed*a. but plastics are Gaining popularity 

Ttjrbidity Cloudiness of waslewaterdue to suspended sohds 

Virus The smallest form capable o* proo .:mg diseases in man or other higher 
organ*sms 

Volatile Matter Sec Volatile SoUds 

Volatile Solids Deffned by testing method (see Standard Method), but may be rcuqhiy 

defined as conbustibie solids 
Wastewater The used \\'Mef and solids ihat flow to a treatment piam 
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Zwg\t»§ A jelly-like coating developed by bact^^rta. 
Zooltal MfftriK The floe or aMme formed by zoogioal bac?erla. 



{Definhlorts p' ncS pally from Qiossary of Wstor Wastewat^f inglne&rfng, APHA, 
ASCEp AWW. , ai^d WPCF (1969); '^Operatlof^ of Wastewater Trea*ment Plants/' EPA 
(1970); WastBmt0r Engin$ering. Metcalf & Eddy (1972); Biology at MtGroorgani$m$, 
Brock (1974).) 
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